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PREFaA to ENGLISH '^DI.'PtdN. 

*• *1 * , . 

I t* 4 iE f)rr)fited fey •the tranj^uion of my Italian hook to extend 
softjf^^rts oT it* ard cspeci^ly*to ^^ive si^ine partiflTlats of the 
garfti- mid sea-^aketof Calal^ri^i anc3k Sicily, ig$)S, whifh-wei'e 
notk l«lo^ 3 |n\ at the time of thj first pubheation of^tjiis* ttg^ise. 

I am gmteful to the scientific and technical wcylcj^rat home 
and abroad fo| its favourable reception of my ItalifTn hook, »nd 
I hofic that, witli the pAisent edition, published ^()Li!>sidi>of Italy, 
my modest i^o/k tvill prove in earthquake-shaken countries *of 
some utility to architects, contractors, and 7/j;iers interested in 
the difficult problem of building in these regions. 

* ' ‘ A. MONTKL. 

March 191^. 

PREFACE. 

Jn this little work ’I mainly •^eal* with thc^jlroblem^nfrlniilding 
hous?:s which are pr^pof agetinst earthquakes, and in so dofAg I 
&a?c made spe^id dse of some imporjtan'J works on seismology 
bj[ Sroftssor F. Omoci of the University of Tokyo. 

Above all, I .haf? attention to the'c'onstrv^ction of houses 
in4jrick and rdnforced concixte*» ^hq*calculations i^fc pur{i).sely 
expressed in such^a way as to ^facilitate thei? application in 
analogous* cases. 

My inckicq^ment to write this book has lieen the recent 
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^ (^strous earthqualje m Calabna incfSici^. In these countries? 
w ich «o terfibly su/fefcd^Jnder thfc misforAine, it is in the highest ' 
degree desirable tiat Jn the worl^of rebuilding greatq^ fj^s'ight 
^ and more sCinfjtific methSds shall be used thd^ has been the case 
in the past. And these*few pages shou^tj* inc^ace* others tb 
write mo/c important treatises, frogj which 3 til> bettty ful^lbr 

, building ,in1:ismic^cobntricl might Jte derived, T should cJQder 
^ rriys^. ijmply rtwarded fogithis njpdest woffk of^mine. • j* 

A. ;iCfKTEL, 

- i 
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. ^BTJiLblNG STRtC'rURES. 
''EA-R™QLUli;E'C0gNTI>fr6S. . 

ChfAPTER i. 

ON vEARTHtjUAKES IN GfiNER:^L. 

Earthquakes- - Propagation of Uie Seismic Torces - Vt'lociiy-r •L8ngitu^iAiT^{\nd Trans- 
versal Waves^ Periods of an Earthquake- Direction— Superficial WlRes— Horizofital 
and VT'riical Motion — Oscillations — Acceleration-- S^isnvfcwScales — Description of an 
Earthquake at Tokyo — Calabrian and Sicilian *Karthquake^i December 28, 1908 — 
The Maremoto — Calabrian and Sicilian Marei:»oto. 

Certain regions within^tlic terrestriiil globe are, for reasons the 
» i castigation of which would be Ueyond the scope of this treatise, 
subV‘Ct to convulsions :tnd transformations ; and the shocks which 

*r'^u?t tlurefrom a»e t?^insmitted across*^ the earth To distances 

^ • 

* wh^'"’^ ^soi^iefin very far from tha point of their origin. 
These shocks constitute tlie sp-call^ “earthquakes*” 

The mode of prfipagatic n of the often enormous force9<»’^4iich 
pm in action, *a5 1 whicli are^ called “seismic fcflxes,” is very com- 
gli^iteck, and the branch of scienceVlevoted to them (“^s?! 5 mology ”) 
isras'yet, far from 4 ifiving fully explainefi them. * 

It hm, however, beeif establj^hed-rbut^only by-way of^^^oss 
^ipproximatiou — tl^t these*forccs are transmitteCj^cross the earths 
^ the safne manner as^atroijs an body^that is to say, in the 

form of eljistic waves ; only, the ^aves which are here iri question 

* I . I 



BUILI^IJ^G STRUCTURES |'n i^ARTHQ^jRKE COUNTRIES.^ 

aje^lbnger than onef kilonj.etre, an^ the eaifth, or kt Ifeast ift crust* 
is a by hq fnoaiis hoAogpeneous l^)dy in /which strata of grcjgiter 
width*^ than one kK*on?atre are rare. Xhe wa£*es must therefor^ 
undergo tr^nsferjnations and alterations befcie they arrive at the 
surface of the earth.' Travelling, as they t’o, across strata ^bf 
heterogeiV:;;pj^ dasticity aiid^ densityf they genepilly npitl).er 
purely longitudinal ror purely tr^is\^rsal, but of comple>Jhalufe 
— a yiixxurc; o/ the two. Mor is tbr^jr velocAy alvlays the same, but 
it varics*’accor(Irnj»’t^to the j^rata across which they are /r«paga1ted. 
Indeed, tl^ai^* velocit^^ is determined by fhe relation oetween the 
??io 3 ulus of elasticity and the density^ f;f the b^^y ^^hich the 
waves trav’(^rse— n*elitions which vary from one kind of n)C*iv to 
the other. ' ^ ^ 

From ex[)eri inputs madt!, it seems to result that the modules of 
elastickj^ generally grows more rapidly than the density whenever 
the density of the rocks increases. Thus it happens that th^ 
elastic waves are propagated w,ith greater velocity in the d'^ep 
levels of the, earth’s criist-than at its surkizce, where the less dense 


rocks occur^ . . ’ < , , » ^ 

The study of the velocity of propagation^ of thes6 also 

enables us to advance hypotheses regarding the inner constitution 
of tte globe. Thus, Omori has found that the velocity of the, first 
waves indicative* (T an earthquake -those which travel in the 
deeper regions of the earth — is' about 13 km. per second, wj^ich 
would denote a mean of propagation of the density ^ = 3*5, and of a 
modijfitjs of elcisticity £ = 6vox 1^0^“ C.G.'S. ^ 

On the other hand, the waves which trav'"] along the surfaci^ 
of the soil ‘have a mean velocity of ^‘3 hm. They con&thute t]be 
more imjlbrtant ^art of the earthquake — that part which produces 
' .2 ’ . 



the greatest^ effect, convulsions of tlie soil* the destructioi^ pf 
buiWjags, etc.^‘ 

Accorcl’ng to K)mori,, three periods j^enerally b? dis- 
tinguished* in an ^i^thquake : ^ . . 

Initial tremors. 

Principal period. 

Final period. ^ 

The *fiXt period is represented by#* the w^es whiah*travel at 
great depth ; ^of these tiie most rapid ones arrive iffst, and^the 
others gJ^aduaftf after, c 

The princ^ial ppriod is represented by -the? SLirfac4| Waves, e^nd 
^(?it are due th*e great effects of the earth (fuaVi;.^ 

Tile final period is formed by the ex{)iring forces of the first 
cause of the earthquake (which we do not investigate here^ and by 
file ev'.v incrtiic aj well a« by the momentum of the masses in the 
moyernent, which require some tiifie befor^ they return to the state * 
of rcjDose. * ' ^ ^ 

P'rom*the data (Collected by Omori''^ w?th rcfert^ice to nineteen 
• • • . 
destructive* setni -destructive, or strong etirthqyakes which have 

occurred in Japan, it results ffeat th^i duralioui of the violent 

part^-of the principaPperiod^n^ destructive shucksjs gcneralT5^’fi*om 

^ilir to ten seconds. *• If. however,^ the t^arthquake is very great, f.e. 

«xft;nded and violent, ilie duration may be prolonged up to thirty 

' • • .. <»v, • 

^ Cf, Fi. Nagahoka, Pitblicaftons of Eart 4 f-(]ual^ bwesftgalwn Commytee tn 

Language^, No.^, 'Fokyo, *1900, p. 47 ; F. Omori, On^eismic Instruments^^ 
p. 248 (fe-om the Transactijtis of the firsltlnternational Seisihologic Conference, 
Sttasburg, *901). • • 

2 Bulletin^of ibie Lnperial Earthquake ffWestigation ConunUteCy vol. I'i. No. 2. 
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seconds. These da!a may be, usJul in studying tl?e destructive 
effects of an efjfrthqual^i ufon buil cfnj^s. / » • . 

'iTie earthquak?m8st ^lecessarily have also fi directi^fn. In the 
region of y:ie earthqi^ake thys direction is ge^|irally uncertain ; ij: 
varies froiji [)lace to p]ace^(owing probably ij) tjie heterpgene6>us 
structure ^^he earth^s crufyt), and also frory/pne memient lo^e 
other There ^is, iiowever, gehenflly a main ^irection^ox^^t 

movement, , which is tliat of the grd^est hor!zontrfl movement.. 

• M 

It m5)4 be poii*^^""d out l^^re that tifere are no rotar^ o*5* vortical 
earthquakestJL Som(^imes one meets objor^s like columns, obelisks, 
etc., which under the action of an cartlyfuake hc^\Je undergcyie a 
rotatory rho^eme*iC,«but that does not by ajtiy means prove that the 
force which produatd it has been a rotatory on^^.^ Tjius, if 
object on the prthit of sliding is impeded by an obstacle Inflated 
excentrjcally in relation to it (for instance, if a portion of the 
superficies of a base situated near the periphery could not slide 
owing to attrition), the object* can evidently be subjected \'& a 
rotatory movement gyen if the force whiclt moves it has a constant^ 
horizontal d’ireot-ion. ^ ‘ ^ 

For the {/urjiqses of the present treatise ,we shalt intT5stigatc 
only the^^p^-incipal period ■ of® the ^ earthquake and the surface 

wa\rx*s^‘ w * V 

- It is yet a confroversial point whether the'se v^yvts denote al.?> 
a verticar'movement or only a horizontal one. Omori deYiies>Lhe 
vertical motion, \ his reasem being that the ^test's qiade by him for 
this purpose have nof ]}r()c ed iu existence. On the other hand, 
nht majority of seismologists, and also" the physicists Kelvin and 
Rayleigh, assert the.necessity'of the Vertical component.^' ""It nxiy 

. r 

^ De Montessus de Ballore, La Sciefice Seismohgiqt^e, Paris, j-Qo;, p. 367. 

' 4 ^ 
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^ I • • 

therefore be assun>ed that this component e.xisfs, but that, compared 
j\'itW the horizontal onej^it is very small ^nt^diJficulf to ®bserve. 

This ] 5 *int is, however) of no great p^actTcafiipportance. *E.ven ■ 
^hough the surfar^ Waves be devoi^l of a ^'ertieaLcqipiponent, it 
remains, a ^fact, coifoborated by Ointfri himself, that , a vertical 
cc^ponemSs likewise met in earthquakes, \^hich wo^Umean that 
this vertical movement is pi'oduccd by sonitf otlicr cause, "fhe • 
"werdcal mmponent is, howevefi*, generally small wheai compared • 
witfi the* l\rizontal one, aiM, more()\^r, as yniori powits out, it 
could not produce any iiiipoTtan^ effects upoi^ build i^s even if it 
wer^ gre^t. ^e shall tly.refore nut insist upon this question, and 
in our treatise we shal^without exception .assifiife tlj^t 1:170 action 
4:^an eart,hquake in a point of the earth^s sijrlace is a movement 
of gigung and coming in a horizontal direction. 

Let us consider what will be the action of the point during 
ihe oscillation of the soil. * 

•^It starts from tjie position i>f repose 0 (fig. i), where its* 
acceleration is zero, anil travels to O', _ 

where tht; accelerawon Reaches its maxi- ^ Hi 

mum valucw^^L^ Vrpm there it returns • -i- 

and repasses throug’h O, whew* the*;icceleratipn is JBgawi,.^ero while 
then^elocily of the movement at its highest. Then it go 
jTo Q, where ae^eleration will again have**a new maximum 
j^a^je A and the velocity wall be zero, and so on. ^ *(^Q— 0 Q' 
represents by vyay*?)! jJiagmm the amplitude a ^)f the* oscillaJ;ion 
(/.e. one^-half of the extension rrf thc^miovCment o£ the soli); if. 
ti^eii, T is as#umG#l to be tlie total duration of tli^. movement, we» < 

get the formula A = . * 

5 • 
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* * « » 

•Earthquakes may be classified »ther accordiag to the maximum 
acceleration/ ol accoriinjf to the Cxtensiq^t of the movement, oj 
• according to its cjuration. , It is not stated, however, th*t the most 
widely ext^ded eartl^iuakes^ilways produce |tlie greatest efifectsig 
nor that tUosc of the shortest duration do thit ; on the pontra/y, 
the latter ?*ri^generall); also |he weakest. W.lT 4 t ^eall5ru.onst?it^es 
the i^n^ortance |)f aff eartli([uake Is its maximum Acceleration, and 
it is C'n the b^^is of that criterion tlfht Omori proposes hLs^sCci^e^of"" 
destructive eartTiqr^kes. Xhis scale vve give hereafter^;/' exienso ; 
it indicates pJte relaty)n between the maximum acceleration of the 
earthquake and the effects* produced \ff the laWibr. Ft wiy be 
reipemberec^ thaf lie vs "dealing with the;, horizontal movement, 
which is generally ^dnvssible. ^ f 

Professor Onlori observes, later on {Bulletin, etc,, vol. iv. hfcx i) 
that evt;n though the movement had a very strong vertical com- 
ponent, i.e. that it strongly emerged abovvi the horizon, the value 
of its maximum acceleration would not differ ^in a practicrilly ^r- ^ 
ceptible manner fron\the maximum horizofital acceleration capable^ 
of producing effc'cts of convulsions equal to those due to the co* 
existence of a vertical and a horizontal compoiven't Q^f the accelera- 
tion. 'f liv^/alfles of the maximum acceleration (understood to be 
horftofital) which have been chosen by OmoiS for his earthqtiake 
scale were derivea from the examination of b^»die^ t)verturned b^J 
the earthquake of Mino Owary on the 28th , October 1891." If^’wf. 
call* thjit maxinvnn horizontal acceleratiofi uf’ it, was found for 
Nagoya and Gifu tha*t a t/as =^6og mm. per seC.‘'^ and = 3000 
*Vnm. per sec.^ .^spcctively. Judging, howeve^.", by^ the seismo- 
graph ic dat‘a ascerty^ted at the meteoi’o logical obser'Catory *of 
Nagoya, the amplitude of the vertical component a" ^j^7ls^apparently 
‘ ‘ 6 
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about one-third b^the horizontal a', which meAns that the direotiqfn 
pf tke^iiovement emerged by all angle (ff 26' o^eF the liorizon. 

If we call ihe maxilnum acceleration of this®m(^ement it fesults . 

• • 

from Omori’s calc^ilation that for tl^e two ^bove-nami|cl localities 
Ufj.was equal to 2518 mm./sec.“ and 2^69 mm./sec.“ respectively. 

diffcsk^nce a~( 4 is, therefore, 82 ayd i3i^mm./sec.Vs«pectively. 
Moreover, if we^ assume that Ihe ‘angle of em«:rsi^n of the move- 
^wcMit abbvc the liorizon had bfen 45'’, there would hq^ve* i 5 e(;ri for* 
Nagoya ^iiyl Gifu (%==290^ mm. /sec. and 3:^8 mm./s^c.- respec- 
tively, which would havi^ re?ultejl in' the difference being 306 
and^2o8 ^nm./5|f;c.^ respectively, or *7 and yo of (c It may therefore 
be safely assumed that jiractically the vahiqs (if* <f giv^en '^y Omori 
JVf his scj\le do*not*differ from those of % even in cases where the 
emeijsion angle is considerable. , * • 

Ornori’s scale has been compiled with special regard to Japan. 


OMORI SEISMIC SCALE. 


T. Maximum Acckl^kkation = 300 mmT per seu I'Eft sec. — The 
shock is nuhcj strqpg, so much .so that it •generally •induces people 
to escape from their houses*into ^he open.^ Tho wyjl^s of badly 
corftstructed brick blouses crack slightly and some parq»et#falls 
.dow*n ; ordinary# *wo#)den houses are shaken in Such a degree that 
t^y loudly creak; /urniture is • overturned ; trees^cft*e visibly 
shaken; the watei*tn jiomk and pools^gets turbid, o\^in^ to^ the;^ 
di.sturbafiice of*the mud ;*pendulum ekeks ^top ; .sonie very.badly 
*8tiilt factory #him#eys are tlamagcd. • 

• II.* Maximum Accl^afioR/jTioN^qbo mm.-jj^r sec. pi?r SEC.—The 
walls in the ^wooden houses of Japan crack ; oW wooden houses 
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gppt 'Slightly out of plljmb ; 4 ;he Japanese tombstojg.efs and the badly 
constructed Ao^iie Iant^ns*are overfurned ;/in a few cases tte ^ow^ 
of th? thermal ancf irftneral springs is change?! ; ordirnry factory 
chimneys a^e not. damaged. ^ • • 

III. IV^AxiMUM Acceleration = 1200 xMM. teu sec. pej; sec.< — 
About orvcHfourlh of the faj:tory chimneys dainagTpd ; 
coftstructed bric^ houses are partial?/ or totally destroyed ; some 

• old ^didei\ Ipuses are destroyed^ woodeV briclges are^sli^ij^tjy/^ 
damaged*;* some tii^mbstone*s and stofie lanterns are j^drlurned ; 
Japanese sliding doo^s (ajvered with jiap^) are broken ; the tiles 
of wooden houses are displaced; som^*fragmergj^’ of #ocks^ are 

detache from tlfe* sides \3f the mountains. 

* **' I \ 

IV. Maximum Acce/..eratk)N ^ 2000 mm. per .sec. pj^:r sec.-^-. 
All factory chirnr!*^ys imi rfiined ; the majority of the orcUwary 
brick houses are partially or totally destroyed ; some wooden 

houses are totally destroyed ; the'’wooden ^sliding doors are mostly^ 

• 

rthrust out of their chamuds ; crevices from 2^to 3 inches (5 t()*"7.i 
cm.), wide appear inflow and soft grounds; here and there the 
embankments aiae slightlf damaged ; wooden badges are^parOally 
destroyed ; ordinanly constructed stone lantern^ aVe^ove^turned. 

V. Ma^IUM AcCLI.ERATIOjf = 2^pO MM. PITR SEC. PER SEC. — 
All #rcHnary brick ho*u.ses are very seriousty damaged ; about 
3 per cent, of tfc wooden houses are totally d-;{;tro)’ed ; some, 
Buddhist temples are ruinetl ; the' embankments are badly damageTa 
,the railwa)’^ are slightly co*iitorted ; or(iinary tombstones are over- 
turnec/; brick walls art* damaged; here *and there,* large ’'fissures 
from i to 2 feetj/5t30 to 60 cm.) wide appear aloi^^; tho* banks of tlfe 
watercourse^. The vj^wter of Viv^^TS aijd flinches is throwiE on the 

I 

banks ; the contents of the wells c\rc disturbed ; landslides occur. 

' • 8 
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Vl! Acceleration = 4000 mm.* per sec. per 

^h^gfeater part of the BuddhiA templcjf arA ruined* frc^m 50 to 80 
per cent. 0(f the woTiden h6)uses are totally' df;stfo;^x‘d ; the enflxink- 
nients are* almost^ destroyed ; the n^ads through padc^^ fields are 
ruined and interrupted by fissures in sifch a^ degree tha^ traffic by 
animals vehicle^ is impeded ; the railways arc’ vei3\'*^nuch con- 
tQrledl' great kon bridges lire ‘destroyed ; ^’oo^len bridges 5 re 
^oartiall)^f^r totally danfaged ; H)mbst()nes of solid cc^n^trucfityi are 
overturn^uy fissures some ^ect wide^ij)pear ^ iTIe soy* and are 
sometimes accompanied ^y j^Ts of \^titer aiKLsand ; yjon or terra- 
cotta tai%ks ei^bedded *41 the ground are mostly destroyed* all 
low-lying grouads are completely convuked hori;^)ntany as well as 
j:^:irtically^in sirch i degree that sometimes the trees and all the 
veg^J^ition on them die off; nuinerou^i *iandslidcs^ake place. 

VII. Maximum Accklkration ^ Siucui more than 4000 mm. 
^ER SEC. i‘Ek sec. — All jmildingi? are completely destroyed except 
a ifiw wooden constructions ; souk^ doors or wooden houses are 
thrown over distances from i to 3 fi^et ; enormous hyidslides with 

faulft ancJ shears oftthe r^round occur. • * 

• • . 

W(* also r?proc(uct the Mercaili scale, vhicli was adopted in 
^ I pop by the Geodynamic I )epTirtment of lufiy. 


MERCALLI SEIGMIC SCALE. 


I.* Instrument^vI Shocks, />. shoclTs merely^recorcTed by^the 


seismic mstruments. 


II. Very SkaGHfr Shock, observed only by persons in a slate ofi 
perfect* quiet, especiall^^ ftn ihe i^ipcV fioor.^^f houses* or by very 
sensitive and ^lervous people. 


# 9 
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•. -ni. vSligut Shocks, observed by several, lj|j{ only co*mpara- 
tively few peTst)ns am(Aig the inhabitants of a ^iven region ; ,p(fopl^ 
say, ^ It was scarcety fl:lt/’ without any apprehei^sion, an^ generally 
without haj’ing noticed that i^ was an earthcjual^e, until .after other 
people mentioned that the\^ had also observed it. ^ ^ 

IV. P^iiiCKPTTiu.K OK M(^1 )kratk, noticed libt t^onei^y, but^by 
m3ny persons ^n tk.e interior (tf houses, thoughb on the^rollad ' 
fkoor^ a /c;w only — without alamn, though fittings ai:^l glassy-*^ 
ware ti't^^i^ble, tTejceilings ^reak, and^ suspended obje/tJ^ oscillate 
slightly. ^ 

V. Strong, observed generally in tli^* liouses, ^it in tbe streets 

by a few pej)pIe*ouly sieej)ing persons arc awakened, some with 
a feeling or alarm ; there is banging of door^, soilnds^ of beli;* 
rather strong osculations of ^suspended objects, stopping of^ocks 
and watches. * • 


VI. Vkky Strong, observed* by everybody in the houses, ancj 
, by many with fright; flight to tl^ open ground ; tall of objectn^in 

the houses ; collapse of chimneys, with some, slight cracks in less* 
solid houses*. * « • t. « ' 

VII. Most Strong, observed with general ‘terroi^ and flight 

• . . * f * 

from the ho^sei> ; perce})tible akio injlhe streets; sounds of church 

bell% ; .falls of chimne)'s and tiles numerous ^cracks in the bv.ild- ^ 

ings*, but generall^«only of a slight nature. • * 

VI I I. ♦Ruinous, observed \wfh great terror; practical 4 :ollaj:oe 

• . ' * c 

^of some hcTuses, with geneml and con§iderabkf .damage toothers; 

with(jfit human victifns, pr only with some isqjated personal 

♦misadventures. ^ ^ 

IX. DLiASTROUs,^’^ith total*or almostcto^al destruction. (5f sog;^e 
houses, and great damage to mnny others, so much so that they 

* 10 
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are rendered unii)^abitable ; human vicftms ncft very numerous, bwt 
^preftd^over various points of the inhabift.‘d fihicts. • * . 

X. Mci?t Disastrous^ with destruction *or*Vn^ny building^ and 
juany human vn*ctiips; crevices in the joil ; laijdslides in hills, etc. 

-•In ju|Igjiig thf intensity of the shoctcs, account must taken 
total of the di^mage^ and tht^^rwin caused 
by them, than cpf some isolatell facts which mat be due ratRer 
it^the pSj^ticuIar condioon of sOme building than to, tjie intensity 
of the sh^ck ; and, in particular, it inustj)e cc^^iitered wRether at 
the moment of the earihfj^ual?(' tl^e iiiiiabitants^were ip the houses 
or iij the^^treet|, or assembled in church(!s or theatres. 

We appcn^a comparative table of tbc^ pniOri^an^the Mcrcalli 
£^ales. Jn colnpifing it we have taken account of the relation 
bet\\i,3gn the Omori scale and tlie R(j.s1ji I'orel sc?ile,’ and between 
the Ro.ssi Forel scale and the MercalH .scale.“ 


Oim/ri scale. 


ro 1. 

IJ- 

IIJ. 

IV. 

V. 

VI. 

VII. 


I 300 mill, scc.- 
900 „ „ 

T200 „ ,, 

• 2000 „ 

2500 % 

4oos> „ , 
>4000 

• • 


Mcrcalli scale. 


VI. 




w, 


V 

v' 

IX. 

X. 


• In order to give •^a clear idea of what an earthquake is, we 
reproduce the part which p()sse.sses the greatest inter^‘st for^u« of* 
jl^e description* of the Tok)^(i earthqualS; on 20th June 1894 — 

# ^ ^ F. Omori, eU., Ni*. 4, p. 140. * 

- De Montessus, loc, p. 

^ TuSekiya and F. Omori, Publications^ etc., No.*4, p. 35. 
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< “ T hat earthquake made itself felt over a zoq^ *of 24,000 square 
miles, andt,26 persons <wefe killed in it, while 171 were s^ri^usly 
injured. In Tokydth'ere were no houses totafiy destroyed, but in 
the low-lyijig quarters of thf. town several brjck buildings wer| 
seriously (jamaged, and toAibstones as well as st^ne* lant(jrns w^re 
overturned, *'jmall cracks apjjeared in the groui/d, and sowe j»ets of 
witer rose frdrr^th(*earth. ' \ ^ t 

^\HorizQnJal Movement. — 1 he earthquake began, as ySual, witb^ 
tremors ^^i]lich last«^l 10 sec^ds. Thfi movement had-rcfached an 
amplitude of about ^a millimetre wheit th|^ instruments commenced 
to indicate it. We shall take that instant* as the bapinnifltj of the 
earthquake.^ I'lte'tnoYemcnt, already string in t^e ist and 2nd 
seconds, became, of a sudden, violent, and the*soil‘was pioved 
mm. during the interval be^^een the 3rd and 4th seconds. ^This 
was followed by a movement of 73 mm. in the opposite direction, 


which was the greatest horizontal one dugng the earthquake, and 
was again followed by^a motim of 42 mni. During aboift a 
minute after, diese three strongest shockt^ the movement grew 
very much \veidicr, alth?)ugh it was still Jarge> in extend. AT few 
great oscillati(1ns gccurred between the 40th ai;d!h^ 53Vd seconds, 
and aj^iin between the 70th ,|fnd ^8th, but (he intensity of the 
shofrka-was no longer so strong as ‘at fii'st. Tbe relative smalltiess ' 
of* the damage c!fused by this eartliciuakc nutw^hstanding such 
great horizontal motions is, no floubt, due to, the small number^bf 

violent oscillations. * « * « ' 

'^Period of the Iforizo^ital Movemeht. — I'hc rwaximum hori- 

• • 

Kzontal moveme;>t, mentioned above, occurred \n q>* 9 second, ?o 

that the coitiplete peg,i^d of the o.scilla(ioIf^\^fould be i *8 secondz;-^ 
''Direction of the Movement.— direction of ^hc, movement 
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4 ^ • • 

changeS, as during the earthquake, but the greatest 

]jorift)P^tal shock was directed towards S*7o* arftl*tliye principal 
movement.%before and aft€r had also practically jhe same, o* else 
jhe- opposite, direction. We have examined the directitjii in which, 
in-idiffcrqnt^parts^ of Tokyo, 245 stonc^lanterns were c\verturned, 
ancj^foundrihe meap^direction to have^bcen^S. 7r‘W/ /Thus it is 
seen that the dipection of thcUvefthrow was icllmtifal with that*of 
'“SltP horizontal Viovemc^it. , , ^ 

''Vc'^iCKil Motion , — Thti greatest verticaLfno^emeif was of 
10 mm., and occurrei cj^iring tl^e 3r(l scconcf, almost simultane- 
ousl){ wirti the^rst stroliqj^ horizontal motion. There were some 
more or lessyimportaijt vertical movetn(;nt>» ‘ cfuriitg the next 
seconds. * * 

'^Maxinmni Acceleration. — I'he /ifaximum acceleration of the 
movement of a particle of the soil,* calculated according to the 
value of the maximum h^^^'i^ontal movem(tnt and ij;s duration, is 
44^^ mm. per sec. per sec. That V^as the^naximum acceleration in 
the high c[uarters of Tt)kyo, where the soil^is contact clay ; in 
the fowT^ing quarters, *where the ground is soft»ancf marshy, it 
almost rea^rhey fliu value of 1000 mm. per sej. plx sec. Now, 
the maximum acceleration is.^the fj^easure of destrcict^vc power of 
an earthquake, and from tlitit it "must be decfuced that wheilevtr it 
4;eaches the ab^e ^^alues the chimneys will hL* greatly damaged 
ai!M the* buildings sh^^en, as the)^were on this occasicfh. As to 
the great earthqualte oj Mino Owary in1(S9i,'it has been calculated 
by the examirmtion of nuTnerous ovcrUirned and fractured bodies 
^^at the maxiiiiLi^lf acceleration of the earthquake in the mega*« 
soiwnlf region has bedh frciji 30^ to nearly 10,000 rrtm. per sec. 
per sec. . • 
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« '' Dtiration of the Ekrtkquake, — The sleeks lasted about 

4 minutes^ and 30*se€onds/’ i ^ 

We shall nojv Veftir to the disastro«s earttiquakc |of Calabria 
and Sicily^on the 28th becpniber 1908, durir^* which, howeve^ 
in face of fhe enormity of the disaster, which destroyed evqry mejins 
of observatij)n, no scientifi(j investigations could be miide.* The 
movement was ^perceptible withirl a lUdius of 200 km., but^estrv^- 
tion ^)f, or grave damage to, buildirtgs only occurred witWi a muqja^ 
smaller *;^ne (T ^l^^out 30 km. in lefigth and 20 km. <n width, 
including Messina, ^the Straits, Reggio /Calabria. 

According to the evidence which hasi*been col^cted,^ it seems 
that at Mesj^hiaThe^dupflon of the earthcj^uake wa\^froni 25 to 27 
seconds, and th<^ jt had various phases. The 'first, ^eminenrfy 
like an upward* shock and, lasting from 2 to 3 second^^ does 
not se^m to have been very strong or to have caused direct * 
damage. T'his phase Was apparently followed by an undulatory 
movement, in the normal senjfe, at the Straits of from 7 To 8 
seconds, which caus^ed the fall of pieces of mortar, of bricks, 
and of some Itss solid^and j)rojecting parts ^)f buildinj^s. ?\fter 
a very short * int^u'val of about j second nv-)sT: ^dolent undula- 
tions, the d^eaion of which ^as pgrpendicul^tr, to the first ones, 
confiiiCticed, and lasted 15 seccKids. Within that phase* the 
destruction of the* city seems to have occunxid. ^ 

At Rdggio Calabria it ‘appears that the e^irthquake lasted ab6ut 
35 ^seconds, and^that the •movement was at fifst like an upVard 
shock or upheaval, 'J^\d then assumed* an undul»tory character, 
during which ptese it caused the destruction of^he^ity. Accoiff 
ing to other witnessesf^the movetnent^vaS 5 t first undulatory ‘<w«d 
^ M. Barafta, La Catasirofe sis mica Calahro-Messinesc^ jj. 268. 
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* 4 > 

Aen strongef, rotatory. It ought to fee mentioned that in^thie 
rjiosti convulsed zone of the earthquake** th'? surviv^Ps , state that 
they have ^It a gyratory #movement which *’pit)d^ced nausea^ and 
giddiness, 'ajnd that jpnumerable objcctj weVe subjected to a gyratory 
movement. ^ ftht ^these phenomena do^not/as we hav^ already 
expkiined.^mply the^existence of a rotatory earthqiiak^/ , 

► ^ According t/ Professor Merc-alli, about 9S" cent.* of the 
* houses ii-^Messina and •Peggio collapsed totally or pai;ti5illy.^ ,The 
streefs of the two cities, geiftrally narrow^ were ^covered 1 \Vith the 
fragments of ruined hou.^s, hian^^ of which had been 15 and 20 
metres high. J'hus rntfi^y people who had not perished in \he 
houses lost theiji lives in the streets while trv'ing.to s*ave themselves ’ 
.^cordino^ to the ifiost credible reports, about “^^,000 out of a 
total 4^mber of 90,000 inhabitants Ip.^t their lives in the city of 
Messina, and in the city of Reggio about 9000 or 10,000 out of a 

tqtal number of 27,000. * 

• • 

, According to the estimate of 0 *iori,- the maximum acceleration 
of the Messina earthquake was about 2000 mm./sec.“ ,At Nagoya, 
duriilj^' the- earthqual#c of^iSqi, it had beeir^26oo nvv./sec.'^ but out 
of a total pppuhttoi] of 165,000 only 1 90. perished. •• This shows 
that the death of so many people yii Messina, Reggip, etc., was 
^primrtirily due, from tbe seismologic point of view, to the complel’ely 
imsuitable corf^tr^ti^n of the fxiilclings in these cities. ' . 

^%We shall conclude this chapter*vtith a few words on se^i^quakes. 

The sea-quake, tremors of the st 4 i, is nothintr butThe effect 
of convulsions and shocks \>f the botton\and^he shores of the sea 

^ • jr ** 

^ of the rafliame^iti^y Stib-Comnii^Ue on the ComUtion af the Country 

Peofftin (Jfe Southern Provinces andmin Sic^}\ vol. v. sccVfon iii. 

Bulktin,^etc.^ vol. iii. No. 2. • • j 

ts 
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c ‘ f 

upon the great mass Uf the ‘ivater. This phenomenon ^las, of cours^ 
been fess nlosfely studied than the earthquakes proper, because th^ 
sea fs much less de^isely populated than </erra jirma. It has, how- 
ever, been^ascer-tained that gi sea-quake does jiot genfirally affect 
ships on the high seas^ \n any degree, because tfie^mass of J;he 
water a very s^trong^ cushion which sgftenvs the shocks*anc 

the^effect of th^ cohvulsicnis of the solid crust of tb-e earth, r On jh^ 
othe^; liand^ sea-quake may be very strong in the neigj^^ourho^ 
of the cbfcst. ‘ ^ ’ 

Often an earthqyuake and a se^-qtfake^will simultaneously trave 
alontr a sea-shore, and the damage cause?(*I by the enormcms wavej 

o ' f* C 

of the hitte^,sohietimcs exceeds by very far that j^-oduced by the 
former. The h^i^ht of the waves during a sfea-qtiake may attirli 
some dozen of hietres ; thfcfr velocity is greater than that^pf th( 
waves .during the most violent storms, and they occur again anc 
again at variable intervals up to' periods pf some hours. . 

T'he eartlKjuake in f 3 alabria and Sicily of the 28th Decembe 
190S was accomp;piied by a strong .sea-quake.^ The latte 
originated "in tke Strait^ of Messina and -mad® itself fck vidlenth 
on the shore at cUfferent points of the coast flifring ffom 4 to i( 
minutes afym the ear.thtjuake. * By tjie almost unanimous consensu 
of fcxffcri opinion, it was preceded by.xhe retreat of the sea-water.' 
There were at lelfst three heavy .swells like tidal\v^al^es. ^ 

The ‘ d*estructive effects •n’lanifested themselves along <ne 
Calabrian coast over abobt 40 km., .and alohg the Sicilian* coftst' 
ove» about too km. "At one of the 4)0! fits where the damage was 

^ De Moijtessus, /oc. ctf., p. 200.4. • ^ ^ ^ 

- Oniori, Bulletin, e/r.rvol. iii. No. V ; Batatta, La Caiastrofe sismica C^dro- 
Messincse, p. 363. 
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rftore considei^ble,. between Pellaro and •Lazzaro, the force of*th^ 

\^atei#broke down Sie iron girders of a railway bhidgt'df ^2 rrifetres, 

and remove^l the sandy beach over a maxfmi*m, width of afJout 

1^00 metres. This latter phenomciyon, ‘which was observed in 

vatious places%n both shores of the .Straits, seems, hgwever, to 

have Ijcen combinetl with a s;igging or subsidence of tlic soil. In 

• pierces the iarce of the vmves of the sea-q«ak^ was sb stron^r 

^ th^it it bn^ke down lioAses, and numerous j)eople lost ^thelr Jives 

owin*,.J' t(^ ^t. *• # • • • 

According- to G. Piatania^and Omori, tlie llfnidu of the waves 

exceeded* on some poinftj of the coast 10 metres, and in many 

\)tlters 7 inetre^ Omori states as his opinion, ^thaf that sea-quake 

to a certain. extent caused by the transmissio^^ji* the seisntic 

energy from the solid crust of the earth«tu the wTiter of the Straits, 

Lut especially by the subsidence of tlrtt bottom of the sea in that 
» , • 

r^gio:!. 



CHAPTER II. 


f 

SEISMIC ACTION AND NATURE OJF 
THE SOIL. 


Coiijpacl Soil— Loose SojJ— Marginal Vibivrtions— Declivities— Junction Lines be 

Different Soils— (iravily Waves — 'Fhcir Length, ^Duration, Velocity '^"ormation — 
Seil^nic Action Soft (bound — Seismic Actiou'in Deep Wells^Selection of ground 
on which t(^,^uild. ' > v ''L 

\ * * 

Close observation of carthejuakes has [iroved that during the 
seismic action the soil, even within a short space, may be under* 
the action of forces having- different intensity, direction, and phases ' 
from one point of the soil to tlje other. If, therefore, its cohesive 
capacity is not sufficiently great, the soil ,is liable to the formation 


of crevices ahd to clisintegration. , , 

^ h 

That does not generally occur when com[)act locks are in 
question, but ^ it may very easily take plAce. in ihe friable and 
not v'^ry homogeneous embaFikments^ and t-he crevices generally 

appear along jthe* lines of least 


p 






T:- ''Z "I / / 




Fl(i. 2. 


cohesion, ie. of least r^sista/.^e 
of (he mass., 

Irh fig. 2, y/ reprq^ents an 
elastic and r compact mass 
ground, and /I a layer of friabJi filling! fcf tn oscillating qje’^f^ment 
approaches in (he direction indlca-tecl by the arrow, the particles 
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SEISMIC ACTION AND NA^i-URE OF THE SOJI* 

<S ' • * '# 

Composing th^ ^ m^ion, and according to the; 

(If vis tnerHcF^xXxty will have a tendcjncy to ^(fh2^nge*their 
position, wh^le the layer A will tend to extend itself horizontally, 
and therefore to disintegrate. , * 

.^n obst^u:f(^ to the formation of crevfces are the soHt^ ramparts 
of the .mass B by w]iich the layer A is enclosed. 'In^case one or 
► njjtre ot* these rarnparts should give way, so th»t the support from 
^ that side 'failed, the la}ler A would more easily disintegrate^ and 
there "^woLdd be a stronger* tcmdcncy to the fonwitfon ofc fissures. 


The same would be tlie cast if the mass of^thc layer A were 
weakened by rivers, ca^ials, or excavations which traverse* it. 
It is presumabl^^ that, parallel to these lines ()f .weakness, fissures 
)jwuld arise owwig K) the subsidence of the frial^*^ mass, which 
during the shocks would find no support on the piirt of the line of 
'weaknciss. And that has been corrolDCftated by experience, 'fhus, 
Sfklya^ found on the highest suntmit of a steep declivity (ground 
clayey), at a heigfit of 38 feet from its base, the amplitude of the 
oscillation had been doubled owing to the 
absen«e o^' support for the soil from the 
side of theMeclivny^ 

big. 3 repre^sents a declivity^ witlfagri- 
•cultura! filled-up and cmbaiitkccf ,.soir on a 
mass of compact ipcls% It is oSvious that, 
in ^ase oi telluric motions in the direction 
Tndicaled by the arf(tvv, the layer A wcmld not only*teYitl to dis- 
integrate, but abso to be detached from I<n case its adherence 
should fail^ if the •inclination is strong enough to over- ( 

. • . • • • • • • 

^ t . Omori, Nbfe on Applied Seismology, Part 1 . p. 345 (from the 'Fraiisactions 

of the first International Seismological Conference, Strasburg, i^oi). 
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BUILpi^^G STRUCTURES IN EARTHQUAKE COUNTRIES^ 

( f r 

<^ome the coefficient of friction between A an^ /^j^there"^ will 
a slidfe of ^"tbwards t}^t bottom due to gravity; Other concKtion^ 
beiitg equal, this, danger will, of course, cncrease in th^ same ratio 
as the declivity of B, ^ ^ ^ 

Fig. 4 represents a piece oT embanked lan(^ a\ l^hepbot of a 
hill. The 'point B where tl]e sloping part of J:hp ground meets the 
' ’ * • level part is ex idenily mueV exposed to 

, p effect of seismic actioh. In view the djf- 

' height Between the portiems and 

" ^ A" of the embanKed land — in view also of the 

contour^Torm of B~^At may l^e expebtec^, that 
* ,y/' and will vibrate diffei^;ntly from one 
another. MofVpver, A/^ is liable to slide aldng rhe decline. 
this renders the position oPiP very precarious. 

Generally speaking, it may be saidthat a given piece of ground* 
will feel the effect of an earthquake very strongly when it is <rn 
the point of junction between ‘'grounds which behave diff'er^'^ntly 
under a shock. Whenever different kinds of soil are in question 
this is true aU'Q, even*when everything ‘else disposed as 'shown 
by fig. 2, which, Regarding uniformity of width aiid everything else, 
obviously represents the moj^t favourable condition for 611 ed-up 

C ' fl ^ * 

and erti banked land. ^ ' ** 

* Let us consicTer further and in detail thet-ca'^,*^ represented J;?v 
this figure. Suppose the masi A to be extremely soft anctplastic — 
Hf^y, let us put an extreme case, and sfiy it is fiquid. Shocks whicl: 
alternately agitate i1i a horizontal dirdetion the basin containing 
< this liquid will have the effect of producing Wfye‘=’-. on the sOrlace 
of the liqifid mass, the wave' jDrpducing^pfbcess being vefy 'muc\ 
,more difficult aS the liquid is de'nser and “pastier."f Well, experi 
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. SEISMIC ACTION AND Ni*PrURE OF THE SQI^. 

« • * • 

Aice has estiSblished the fact that, SurRig an* earthquake in very 
50ft, Wiifused, sanc^ or marshy ground, ‘ex^tly similar ^waves can 
be observed, whose crests may be raised to o*jn^iderabIe he^hts 
above the level of jhe soil. They * liomltimes have, according to 
Oldham, a ijie 3 n length of 30 feet and a height of i focg. Some- 
times .when, after ^tlje shock was over, the, earthy rq^Sss was not 
^vfiffcieutly plastic to return to its primitive position, the wav^s 
remained^impresscd upbn the soil. Assuming that , 7 '. mean^ the 
period, f-^the velocity, antf*/ the length of sucll*waves, tlTere are, 


according to Omori,'^ good feasons for asserfing that T may be. 
one^or \ few more s^jnds, and-^?^somc 10 metres oryiiore. 

Assuming /= m., and T = seconds, wo gfet V 4 metres 

^ . % ' > » */ “t 

per sef. , * . 

' But We can easily fjrm a fairly clesir idea of these waves, if we 
ijiiagine a basin full of water an^l shaken. We will then under- 
sta«d that the crests of these wav%i must be near to one another 
(and that means short .waves), and on the surface, which means 
that in little djpth ^here is no longed any trace of them ; it 
will also bd undepstyod that in the case of plastic matter of con- 
siderably greater density than waiter the waves, will be slow. 
Numerous data^ coafirm this tjieory. • , — • 

The i)rodaction of such wjfves will only be llbssible in grouod 
\l'/.ose form can be altered withoiU f^reaf force. In all other kinds 
^f ground, it is ob^mus fron\ what we li^ivc said abovc*^?lnd as has* 
been pqjnted opt' by L)uttf)n---that the Jbrm«'^ion*of such wa^es is 


loc.^it^ p. J41. ^ 

’ ^ 1 ^- Oiiiori, On Seismic lnsin(?fien^s^ p. 251 (from the Transactions, etc.). 
De Alo^tessus, loc. cit^ p. 437* • • 
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BUIIJ 3 ING STRUCTURES ^IN EARTHQUAKE CQtlNTRIES/ 

. c ' . ' f 

Jiindered and impeded by ^^heTact that, in order^to nfould the mafe 
in such a ^mhfiner, enormous forces and very great intermolfecul^ 
activity would \)e^ required. In such» cases the energy com- 
municated to the soil by the seismic shocl^s will find easier 
ways to ^pend its strength (further propagation^ p^roductioi\. of 
landslides, vnc.y. ^ • 

It is also easy K) imagine the disastrous cffecto which, ^ in vi^”* 
. of tl^eir grt^at displacement, these waves — tailed waves /pf gravky 
^ — may K?tve uj^on^buildings : a reason* why building on SK^ft gf'Ound 
^ ought to be absolutMy avoided. ' 

we have already sdtv^jhi the description of thb Tokyo 
earthquake on ioth, |uno 1894, the majtim'um hoi^ontal accelera- 
tion is, othef'&x^iditions being equal, greater qfn S6>rt than on hafq 

ground. This is explained by the reciprocal molecular displace- 

' . . 

ments to which soft, pasty ground is subjected by the inert i(c' 
under the impulse of the surfac6 waves constituting the princip^il 
period of an earthejuake.^, t. ' • 

The fact that the waves of gravity «are exclusively surYace 
waves, and acf,qmpani€;d — they arc even caused — by hori£ontal 
movements of the soft ground, makes us believe that at a certain 
depth, where the waves of gntvity have ceased to exist, the hori- 
zontarori^ye ments of* the ground, due to its plasticity, mu.9w be 
smaller than at tlte surface. Extencling our aj^gu^nentation a litde 
further, we would come to the conclusion that also in noii-plasfic 
aground tin? reciprocal displacements of the pafcfcles of the grbunfi^'^ 
and therefore the oscKlatiogs, are smaller* at a certain depth than 

i h 

%on the surface of the soil. * ‘r - * -r * 

That is' what really occtifs, and fiV)ifj the observatn^me of 

% 

Japanese seismologists it results'tltat at the bottom^of wells some 

I 
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SEISIrfIC ACTION AND NiWURE OF THE SOIL. 

• • • 

y or 8*metr^^^p the motion of •the! rapid, waves recordecf by 

jhe ieisniic instruinents was much weaker^ than at •the surface. 

This proves, according Omori, that the? effects of destruttive 

earthquakes are slighter in deep well^ th^n at the. surface. 

We have,* ‘hitherto, touched only tne most impoi^ant of the 

principal effects of earthquakes on various^ kinds’ of ^aoil. Many 

:t,Q^|iers flight bok fnentioned, s^ich as swellings g^f ffie ground, vast 

upheaval^, deep precij^ices, which affect not merelj^ ^the surface . 

stratc,; a^id in addition tft^these, the formatioj^ (ff smrjt craters, 

jets of water and sand, and*so on. All thesti phenomena can be 

explaii^d when the confjitution of/J:^^arths crust and the vafious 

elements of w^ich it is oorhpiTs'ed are ^luly^con^iclered ; c this 

^oes not come within the scope of our treatise, y* ^ • 

A most important point, intimateljj connected with the locality 

' as welf cU the nature of the soil, and which ought to be mentioned 

l^ere, is, as seismic history teachcsS, that an earthquake produces in 

the same districts always analogous effects. That suggests that. 

the causes, too, must bt analogous, and that each of the different 

seisrmic r*,‘^ions is bouivl to vibrate alw^^^s in th? same manner 

and in the* same*direction. Just as there are regipns which are 
• # , # 

subject to earfliquakes* and others#which are immune from them, 

so •each of the foraier is* subiected in a ^iven mannen^ftid Aot 


in any other. ^ ^ . 

Th« short considerations wlffah w(? have hitherto devoted to 
^the effects of eartirtiiia kes vith referegee to the vSrTNjs kinds qf 
soil furnish u^ With criteria which must gukle Bs in ’the selection 
■ o(‘ a place fo£jjfuilding ’m seismic * regions — criteria regarding 
whiftb, jet us say at o*c%, there is* complete agreemest among all 
authorities. • . 



BUILDING STRUCTURES IN EARTHQUAKE COUNTRIES./ 

• • i 

« t • 

^ In the first placQ, the fteij^nic history, if the^e.b6 one* of tht 
district ought' to bt s^tud^d.^ Note should alab be made (X th^ 
places in the locality vfhere the buildings.have offered the greatest 
resistance, and how they fcore^ themselves during the shocks, how 
they were^^ocated, how tney were constructed, thdr ^heights, the 
directions of tile walls, etc. Experience teaches that solid and 

. • • • . / * it. 

compact soil ought be selected ; ia the plains a*s«vvell as;n hill)^^* 
.country, buildings arc safest on such grounct. ^ 

Avoid, hetei\)g^'?neous and friable soil* especially if it i^ ofdittle 
thickness and on a sleep incline. • 

Avoid the vicinity of rit'Xa's, canals, interruption^ due to 
geological causej^ such as crevices', otc. V 

'Avoid als^i^Hses of declivities and, in gen<^ral, changes in th€/ 
inclination of the tjoil. i 

Avoid soft, pasty, marshy\ground, also filled-up and olnbanked * 

% I 

land. ^ , 

, Avoid also the immediate neighbourhood of tlie sea or of lahes, 
on account of the agitation of the water by Jihe earthquake. 

^ P'or the seismic^ history of Italy, see M. Ikiratta, J ihremoti d' Jlalia^ 'J urin, 
1901. 
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CHAPTER HI. 

OKv SEISMIC BUIIIdINGS IN GEIIeRAL. 

— • ' . . .. • * ' 

Resistaii'ic to^ic Seismic Vorce — Ordinary Houses — Mateiials p #})osed ; THiflx'r, Iron, 

Masonry, Reinforced Concrete — Ac^antages and Disadvantages —-Houses with Free 
Walk^Monolitliic Houses. _ • ^ • 

From what we h|ive said hcioi^, it restiltii tliat in “very solicl and 
(Jinipact ground, the, soil, under the influence of y^ei^mic forces, 
practically oscillates in a horizontal d^ection, a*n«cl that in other 
kinds ofg'ound there may exist alsoVin important vertical com- 
ponent of the movement. 

In aseismic r(*gions (/>. not liatje to earthquakes) it is gener- 
ally iiufficient if a buil 3 ii\o- is so constructed that it will withstand 
the aciion ,uf gravity, thgugh in certain Jl)calities^ccount must 
*also be takeli of tlKi force of the wind ; but that is gejierally quite 
a secondary corf^ideratidn which rncuely concerns the^ roofing. 

* Ifi countries, howe^^'er, whiefi are^iable to*earth(juake^^c1^0iirft 
must also be taken, even in the most favourable #rcumstances 

1 , ♦ ^ d' 

when lhe#building is constructed hard and solid grcuyid), of a 
‘^i'eat horizontally Vacillating, force. It^is therefore* oii*!/ natural*, 
that ordinary h^firses which were not constnM:tecT with a vie^ to 
suck a conting^^nc)^«do not tilways holcf out. We take, however,^ 
the opportunity of poinlin^^' ofit here*riiat if, in countries subjected 
to earthquakes^ building operativTing had always beew carried out in 
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BUILDING STRUCTURES^IN EARTHQUAKE COUNTRIES/ 

;a perfect manner, pr ev^^i cfrily in accordance^ vwith the *ordinary 
rules, there •vJoulcl^aye been no such very grtat disast/^rs is t^e 
history of earihquf^ke^ has had to regisi,er, because a good house 
well constructed, of goodi miy.erials and with perfect workmanship 
can alwa)^l offer considerable resistance to the disiift*e^rating acjtjon 
of seismic oiovtsments. 1 hat has been proved by long expt'rience. 

I he* matejialsi most often [)rof)osed for biliiding iry seismif."^ 
' t’cgipns, or a^t least as principal elements oS construction, yire timber* 
and irofii ^ % •• ^ ^ ^ 

1 imber is ver)^- suitable ; it is Wght, elastic, a bad heat-con- 
use does involve ^ly technical cff^culties. 
Prom these points of vit^w timbi^i’"’Ts**even the idC'al material. It 
hits, however, >^s disadvantages with referenc^ to dts f)reservatiof^ 
to cleanliness, rWiTl, by far, the most serious of all, the danger of 
fire. It is notorious that very often after earthquake‘s ccniflagra^ 
tions break out, and consequently that defect of timber as. a 
“.seismic building material" doubly * grave. * But at any^ate 
timber can always render excellent service, e.specially when *light 
constructions are reqlired to be rajndly erpeted. It»is omly in 
cases of thaukind that its employment seems /-enlly advisable. 

Iron is abo suitable, but* less so tha**!! mighf appear at first 
offer good^resistance to ionflagrations, betause* 
under the action^f fire it softens and gives moreover, it is 

easily corroded. These 5rawb;j>cks are so much the mone seric^s 
^^as iron c?^)f^^tfuctions are v.ery expensive. ^ 

^\s a type of*ordinary {onstruction, k would fn, our opinion be 
« above all advisable to choose masoifry in b j^’ck s or reinfepced 
concrete, vihich latter material* begins to^bt widely adopted also in 
this kind of work. The use of mitsonry has taken jjoot in Italy to 
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ON SEISMIC BUILDINGS IN GENERAL. 

• * * 

• • ..*11 

suich an extenf, it offers so manylad^antagfs, that it is douDt-; 

l^s afivis^le to algtempt to adapt it to^he^sffbcial 'requirements 

of the case instead of de4:laring it unsuitatfle,( or even, as s< 5 ^e 

experts would havejt, banishing it en^ire^ from seismic buildings.' 

Certainly ma^oflry^ — composed, as it is, of rather heavy^jmaterials, 

not -very elastic, fragile, and, owing to its being boui^d together 

j"by ^mort'^ whose* tensile streiigth is generall’/ ui^certain, easily 

‘^sintegrated — is not tiic ideal material for this kind of work. 

Neverfhekjss it does not*%eem impossible to 4«lflain, tljy strict 

observance of certain standafd rules and by Employing only the 

very be?^ material and l<iJ)our, liousf masonry which will rc^iist 

earthquakes. I • ^ ^ 

As regards .reinforced concrete, the alT^inta^s^it offers *in 

ordinary constructions are now general!^' acknowfeiclged, and in the 

^ase befor.'^ us these advantages, viz. perfect security against fire, 

a^ well as great strength, lightn£«s, and rapidity of construction, 

are«of even greater importance. TJiat it i^ perfectly proof against 

fire Has been proved iTy tests made in several places.^ The official 

report# of ilie tests carriiid out at Gand Miys : — “^'he buildings 
* * * * 
tested were* exposed, to a temperature of from 700 to i 200 degrees 
• • # ^ 

Celsius. It wJs found* that only the parquet had, been slightly 

• damtged. The resist^mce and elasticity of tlfe floors he ld ^ ifainccl 

unaltered. As a -heat conduc^r it has been rlff^ved to be ver.y 

slow, for,# while one side of a wall i2>cm. wide was in contact with 

^i'e, it was possiblAm hold one’s hand c^ainst the otfief *side. ^ ^ 

Its rigidity ls'prov*ed, alia, b*;^ the following* tests fpade 

in ikris by eng’n^ers of tJie Paris- OVleans railway. A weight* 

of 100 Ijgs. falling frotn^a height •Of 4 metres produced upon a 

^ C. Guiili, Le Costruzioni in Betvn Armato, Turin, Kjfey, p. 107. 
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BUI^DmG STRUCTURES*' IN EARTHQUAKE COUNTRIES/ 

^floor of reinforced qoncretf^ vibrations of 1*2 mrp.. miiximum ampli- 
tude, which' Vere* o^tinguished in of a second. Up©n k flopr 
of 'rron beams witl> brick vaults, of aboui the same width, a weight 

f 

of 50 kgs. falling from b nv'tres produced. vi}:)rations of 7*8 mm., 
which wgre extinguished in 2 seconds. The wei^^ht of the rein- 
forced cont^ete floor was 300 kgs. per sq. m.^, and that of t)he*iron 
f?oor 480 kgsL This shows howv much rigid i^einfofced^' 

concrele is than iron. ( . 

T f * ^ 

Thf, 'great V(:>.;stance which reinforced concrete offe^-s to ‘static 
and dynamic forces^ entails as a natural consequence theji^htness 
of s^h constructions. , 

It is not necessary tO' allude^T^Ttlie other adl'antages of rein- 
forced conc^etH; such as freedom from mainte^iance expenses, bdit 
utilisation of tht iron, an4 the latters perfect protection against 
rust, since these advantage.^ refer in an equal degree ordinary 
buildings of reinforced concrete,^ and are well known. ,* 

As regards the defeats of rt^inforced concrete, they usually a'rise 
from the non-observance of the proper rules of construction.^ To 
these defects tjiere is, tn our case, added «anot^er and more fferious 
one, viz. the difficulty of finding workmen Gompetent to do this 
kind of work,, in places whicii are often, Yrom the economic and 
ihckjsYria 4 j^andpoint, Very little ad vancccl. ^ ** 

When in olaitTinig a house its resistance U\ ew^^-lhquakes 
be kept ki view, two methods ^^nay be followed : either the? different 
<r member^ the house may. be calculated so tiAt each one resist^ 
on its own account ;H)r thq house may bd planned so that ’t resists 
was a homogeneous entity, as a monolith. T«h^.second mWiod 
w'ould seeiti to be the more* t-easonable* (>ne. In that oase it is, 
however, indisj'fensable that the H^arious parts of thg house should 
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ON SEISMIC BUILDIN(?S IN GENERAL. 

ft • * 

« • • # ^ 

beft so weft bouAd. t<igether as to offeil a^Veasonable certainty that^ 

under 1:he^fluence ♦)f seismic forces the whole' house" will have a 
common vibration period, and not that each oliaof the parts wh«th 

ft 

compose it will vibngie on its own acc( 4 iint^ 

.We shall |ee* h^icv on when it will be advisable to felect one 
type,* and when the other. * • 

^ ]n tl:^^ folloWmg chapters, we shall first ftf ill describe a 
^Wianese model of light |::()nstruction in timber, and, passing from 
this to roaijiouses. study ciEKer of the two_ types oiwlTtione^tibove ; 
for brevity’s sake, houses 5f the - first tyj* will be termed 
“free^-wall houses,” and ttl(:)se of thf-/;,eTOnd, “monolithic hou^s.” , 
Tliesc studies witl be apjdied to brick nmsoiuy and to reinforced 
"'rancrete. , 
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CHAPTER IV. 

ABi3X^ACT.^0F JAPANESE. FLULES FOR THF 
CONSTRIJCTION OF EARTHQUAK^"-PROOF 
, WOODEN HOUSES.* - ^ 


Foundation - • Fraincwoitk — Foun^iation Sills— Foot-braccs- Pillars— Junctions- 


Koof-f|;iine — Joints'^ Junct'on of two lluildings — Materials— Conclusion. 
^ » f ^ ' 


■Roof 


pd'ilNDATIONS. 


/ 


'I'liF material for the foundations may be one of the following 
three : concrete, brokciA stoned stone blocks. The concrete may 
be made of cement or of lime, or of a mixture of the two. Of 
whichever kind it may be, it is always p^refer^'kle to bfokeil stone^ 
or stone blacks^ Concrete made of cementMS*’ the best material 
for foundatioas. ’ ^ * 

«H tl^'s-foiind is t6o soft or humid, ’'the fii^t work in making the ' 
foundation i^ to drive a frame of piles into then ^t^und in ordei^^^ 
obtain a '•solid support. Less may be dot\e if the ground is dry. 

< Fpr^the^ foundation to be ^placed upon the ^groundwork large flat 
stones should be sffiected^ and they^ should protrude above the 
c^ground by one-half of their thickness. These form the*T!ase 

of the building. 

^ Publications of the Earthquake jnvestigation Committee^ No. 4, p. i. 
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EARTHQUAKE-PROOF VfOODEN HOUSES. 

I • 

• ^ • 
const'rIjction of th^ ‘framework. 

N. . 1 • . * • 

In constructing an earthquake-[)rool kouse it is* deeijjed 
advantageous either to erect the pilkrs upon horizontal beams, 
called “foundartcn sills” (fig. 5) ; or to unite them by means of a 
beam laid down laterally against the foot of each one of .them, and 
‘*galled “ ft)ot-brac4;<i’ (fi^. 6) ; or^to use two picces^f ymSer forming 
m double ^lar, between. which the foot-brace runs (fig. 7); or fo 





lay down foot-l^races on two opposite sides oL the pillars 
(fiir. 8). If, iiT-ulie. ca!^e shown by *5, grcate/ ^ stability is 

•required, a solid juncti#)n of tJie^pillaf with tlie founda^i^^iirmay 
effected by of’ iron clamps cn* straps. n ^dopting tile 

method sUown by fig. 6, foot-braciq^«must be used whose thickness 
^s- greater than on^-tiiird ofnhe thickness of the piTlars. •A dis-"' 
position jn accorciance witJi fig. 7 reqfijres air ^tra-s*trong pjllar 
for^sich corner of ike building, notwithstanding that the pillar may 
be weakened by the foo%-ft*acn. AntTther method consigns in using 
a quadruple pilaster, as shown in figs. 9 and 10. In i>hat case pieces 
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V . EARTHQUAKE-PROOF W*toODEN^ HOUSES. ^ | 

offttimber of i»ugh% dimensions as ^ exacdy into the space 
*betwee?i four upright timbers must be ^ns^rt^d at distances of 
2 or 3 feet from one anodier, and fixed witl? i«on wire or boli^. 
This arrangement prevents the pillar fnom pending or twisting. 

It is advi^I^le j^that the foundation sills and the fopt-braces 
should, the fou. corners of the building, be crossed w^fh a brace 
fftid fixed by bolt jf, ^is int figs. I j, • • 


N. 





% 

Jfticl 12. 

In- all «|ses where the l(X)t- 
brace system has been adopted, 
one or two horizontal thfSuoh- 
braces should be ’applied to the 
^iars at different* heights; they 
have to be fixed to Vhe pillars 
by bolts, at.yn figs. 13 to 18, 
anc^ blocks of wood should be 
inserted on either sid^‘ o)J. the 
through -braces, betweet the 
latter asd tkb pillars. 

In the sjDaces between one 
pillar and the ottier, Avherc there are neither doors ocy windows, 
And ^fhere the outside appearance ’is of nf) it ^s 

advisable to place* struts* and fasten the same the through- 
braces anr> pillars with bolts, in or^lt*r to avoid notches* in the 
pifers, which would a source of weakn/:jss in them. * ^ 

The fj^orizontaNbeams tfsed in the fri^mewi^v of the building 
,^hoir!ii»be fixed .tobAhe pillArs by means of bolts, and at the- 
four outer^ corners (whioii^are weak**points of the con'^truction) 
they should be; united among each other by L-Ahaped metal 
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EARTHQUAKE-PROOF W’OODEI^ HOUSES. 

str^aps. ^ In pla^e^ Vhere the outside iip|)earan(je of the building # 

is of no ^VDortance| these beams are also bound to each other 

• • « 




Fig. 15. * 


by making their extrtfnities 
the pillars. 
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' . EARTHQUAKE-PROOF WSODEIS^ HOUSES. 

.,.j|rhe junctiofi pf%:he top ties with tly Jillars is made similarly to 
that of tii^.mllars wit^ their foot-braces, for the junction of the 
roof to the walls, it is advieable to make it as ig figs. 19? 20, if, 
either ‘by holding thf upper part of pillar between double tie- 
beams placed|Ofi ^wall-plates, or by using double raiders and 



jettiiiLj tie-beams fall uj)on the^Gnoi,wof a pilkin Ifi •cither 
the jiinctinns arc made wjth boltsror iron straps. UTT^* • 


CONSTRUCTION OF tAe ROOF- FRAME. 

This js done ia accordance with fi&. 19 .111^24. The us^ oi 
smat^mls of too [ar^^e dimensions should be avoided ; the scantlings 
ought to jtave just the iSize fequire^to sti[)port the weight of the 
roof itself with, the pressure of fl^e wind and the feurden of the 

%7 . 
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BUy^DING STRU^ukEJW IN EARTHQUAKE doUNTRlE'S. , 

stiow added to it. All t|onnection.s are to bqf nitvJe wAh strong 
iron wire,- iron straps or^bolts. * ‘ 

% Betv/een the p^riifcipal rafters struts (^r braces, or boTh, should be 
used, and the whole framejvork of the roof should^ be boUid, as 
shown in^Sg. 24, with iron clamps or bolts. ^ 

In order to enable the roof to withstand earthquake sl;ocks, it 
is preferable ^hafc it should be light. It Iy!s th^tefore to' be made/ 
as light as possible, provided it {tilfils i(s purpO;^p. oC protectiiTg 
againsi* wind<N»fcrjd cold. If tiles are Ifscd, it will be wejl to a'ttach 
them with nails or ^vire. • 

JOINTS. , 

, I he joi^Hs in all ^larts of the building must be as simple 
possible, for a cpmplicilted joint, even thougljf it may appear strong, 



Fig. 25. 



* j^IGi 26. 


is'rOrdly always m^ik. It} is advisable to 'make the joints as in 
figs. 25, 26, 27, wood of iron fish-plates being fastenecL^with 
bolts, In making a tenon alscj, the simple^ its forni*TSL 4 )etter. 

In building a house of two*©r three stories, it is sometimes 
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EARTHQUAKE-PROOF WOO*De[i HOUSES. ^ § 

n^cessarj" to u«e^ ilistead of pillars of ji single piece, a jointed pillar.. 
In sucl^'a case the^ joints should be twc^ or tlifee fe(?t above or 
below the level of the upf^r story of the house. , 



Foundation sills, foot- braces, throuoh-braces.^/jitor-bcg^iis, tie- 
beams, etc., should be fixed S£) as to have tl^ir outer extremities 
somewhat protrudin^r. ^ • • 


JUNCTION OF A PORCH OR A -SHED TOlTHE 
MAIN building! 

• The old method V)f joinin<^ by tenoning or nailing has to be 
altogether avoided, on account oi its being dangerously defective. 
1 he two buildings ha’’^ co be bouitd together in the same manner 
as indicated for joining' Aie top ties to the pillars. 


MATERIALS. 


(^^uality and dimeysions d^thc^ron are C)f great' irn^jortan^^,^! 

building, and, consequently, gr^t attention paid to the 

imriity of mattl^ra^'as well as to the number and ^^e distribution 
' * * • 
of the bolts. As tg^the washers, St is preferable the^ should 

he large. • I* ^ * 

Tmiber-Js liablf to shrfiking — a rVison why bolts lose their 

tightness, ^^l^^jr^l-seasoned tiyiber should therefore be used. 
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BUIliDING STRUCf'URES*‘IN EARTHQUAKE COUNTRIES. 

CO#ICLUSION. 

I 

^ The essential , points in the constryction of an earthquake- 
proof wooden building consi>st in the mode of makin|[ the founda- 
tion ; in ][Jreserving intact in every beam its power* o^ resistance as 
w^ell as its* proper functions, and if, nevertheless, some weakening 
qf the beam should be unavoidable, in reyiedy^ng the defect by* 

IS e application of iron (which is much stro/ger than wood) ; in th^ 

. . . • . 
use, wbinevei*^ is possible, of constrdttions of triangular form, in 

accordance with th^^ [)rinciple that ?i triangle has an unalterable 

forln ; and finally, *in reinforcing the wV^le framework with iron 

in such a manner, that all the parts are bound ^together in one 

stable building. 
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CHAPTER V. 

’^JAPANESE * EXPERIMENTS AND* fWVESTIGA,- 
^ , TIDNS regarding THE RESISTANCE OF 

BEICK columns. 


Effect of the Horizontal Moveinej^^— Short C^)!umns— Ma\imu» Acceleration— Stabi^ty^ 
How the Force understo?)(l to act Materials tested— Their Resistance- 
and Dynamic Tests— Conclusions. • ^ 

As mentmned in Chapter I., Oniori obseifved that in'earthquakes 
^the destruction of ^iiildings may considered due to the^ 
horizontal |Component of the movement. The vertical •one is 
generally much smaller^aiid, rnoret^ver, the examination of damaged 
hou;^cs shows that the vertical movement, even though it be very 
great, cannot produce very serious damacr^^Lxemt. of course, in 
£ases Vheue the fpifndations of buildings subsir^c.^ According to 
Omori, the walls of houses of one or y^a^^^ortes are liable to 
bre^^ especially un^der "the^roiof, lowing to the disffeCord betj^egn 
the horizontal vibrations of th(Vwa1ls and tho<u^l^.:[ie roof. On 
\hi^ account, ainT aiiso for the sake of simplicity, it vwTi be admissible 
JT these investigations to. takt nccount only o£ the liorizontijl 
component of the movement. • ^ ^ • 

Opjyti^n his ^paper,^ which we l^re partly take up again, 

... m 

^ Mo. 4, p. 69^ See also the same author, JVo^e on 

Applied ^ejsmologyj Part I.,* section iv.^^froni the Transactions* of the first Inter- 
national SeismoUgic Conference, Strasbufg, 1901), ^ 
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BUILDING STRUCt['Ur‘£S»4N EARTHQUAKE COUNTRIES. 

treats the resistance to fnfcturiivjf of sho 7 't coluinnsf, ix. bf those 
whose height is not iufi^ite/y great in proportion to theii^ thick- 
neliS and to the anxjditude of the seismic^movement,. which, in the 
great earthquakes, may beaassumed to vary between sc^'and 
200 mm. ^ ^ . 

r . ^ * 

Before nil, it will be necessary to know how the force produced 
by an earthciual^e M\nd acting upon a building must be unclerstood 
^ to be applied, i.c. whether suddenly aftd , repeated, or rtgradualhir 
For thajt^urp(l<f^ the relation between tite force and its effect ought 
^ to be considered firs\ 

^t is well knoWn that a sudden cfe-d repeated force pro- 
duces’ '-on an elastic bovly twice as great an effect as would 
have been tjie case if had been applied gradually, d'hat car 
\ be ex[)laincd in khe foljowing manner. 

Let us assune that A represents 

^ <P ^ ' diagrammatically (fig. 28) tne positioV 

of equilibrium / of a given body in iu 
natural state, and O the position assumed it when th-^ force /\ 
is gradually actmg it. 

If the force /d aaed suddenly and repeatedly upon the i.)ody, tht 
result would be the san!'e as if the body whose position of cqui- 
libr>f.m is iri O had been displ^Led lo ^ 4 . As a consequence, tht 
body would b^^ ried into the position A\ which is placed ai 
an equal distance and at the opposite^ side with regard to the 
Position, of eqLfiiibrium ( 7 , and in that manner oscillations woulc 
occur’ (In other vords, tl/e strain produced bv the sudden anc 
repeated application of the force A' is twice as ' g’^eat ' as . 11 tv hac 
been produced by its gradual application.) 

When, therefore, the force is, applied gradually to an elastii 
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THE RESISTANCE OF ‘BRfcKl COLUMNS. / 

bpdy^ne latter assumes its position of •equilibrium without having 
been set into vibration. ^ • t 

If, however, the application of the force, t^kes plac*e withiif a 
ymeVhich is infinitely short in proportion to the proper vibration 
period of .thcubod^^, the force is applied suddenly. • 

In *010 case o/ an earthquake the horjzontal' force must be 
^'understood, as*i^gar)]s the ^olumns in (jiieslioi^, to be applied 
^aclually,^for reasons diat w(‘. shall see later. 

By means of a shakiifo- table whose amp]ituck:*ftnd dilation of 
oscillation could be varied atcordinjr to the^wash of the experi- 
menter, and upon whiA the column to be* tested was pktcetl 
vertically and ffxed at^ its base, Omori* detcrgiiiied the stt^ci^ij-th 
of llexLire of brick columns, the shcarinifi^tress proijuced by the 


motion (/ the table bein^^ ne<>lioible 


owiin. 


to 


9ie dimensions ol^ 
•the columns.^ The Aii>'ht of these columns was several times, but. 
as w’e have said, not infinitely, gi^ater than their thickness or the 


amj)litude of the Oscilklting- moveri^ent ofcthe table. He made the 


iffTich the column 


tabfe move in such manner as to apply to the column 

maxipjum •?icceleration jJ, in consequence^ 

% « 

was broken. • 


Comparingithe^vaKle A, thus deter/Juned, with the value u of 
the Vracturing maxinfum aftceTerafinn deduced mathCmatica 


'Voles 


^ It sbfiuUl be noted that, rr4)iD experini^'nt.s made l>y Oniclf! 'kiln, self (see / 
jvi Applied Seismology o/JJir*/irst Ivleniatulhal Conference, tie., l^:?75) and l^y otlii#s, 
as, for instance, by the /Xu^lrian Commission on^'aults (see “ Ueiichtdes (iewcelbo 
Auss(’hiisses,” Zeiisc/i^ijt des ohferreichischen X^genieur-'^nd Architekfen Ji^Tcins, 
V:er,«^i^^ 5 ^the^r!fenal of \^atertown, U.wSTA. (.s<a‘ Engineering Record, 23rd 
it ajjpea# th^y: biiek masonry Ik haves almost up to bieakirfii; 
poinHiki an elastic solid, aid follows wyh sufficient approximation the law of pro- 
portionality bet>^‘en strains and the corrtisponding stres.scs. 
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BUIVDING STRUCi'UR^ES-'IN EARTHQUAKE COUNTRIES 

^the basis of the strength ohthe columns (having, of ccurse, obtained 
the value of’the sti’ength,by vvay of experiment, the breaking force 
bdrng applied gradjiatly), which expressep, therefore, the degree of 
stability of the column under the action of 'c\ static force, 0mori 
found the/. csults sufficiently in agreement with, one, another and 
of such a nature as to give also practical value to the theoretical 
f^rmule which the stability of |hc column. “ ' 

The force in these experiments must-be understood lo ha'^:: 
been ap^^licd J^adually and «ol impulsively, although the motion 
was very violent (tge period of the bscillating table in the experi- 
ment,3 varied from 6-23 to 0*89 second, aiW then the acceleration of 
th(; m(r.'ement passed from zero to the m.iximum m a time of from 
0*06 to 0*2:^ second). '^That was owing to the very short natural 
^.vibration period of the column. 

With much better reasdi\ it may be stAd tliat the force is' 
gradually applied when a real d(j*structivc earthquake is in question, 
the period of whose pribicipal vibration is* probably one or two 
seconds, and therefore longer than that of iho oscillating fable ’ 

It must, thereiufiir be understood th^a the effect df an, earth* 
quake upon .one o£ these columns would be to'apf)ly to its centre 
of gravity a static forcTi capable of giving i^) t»he column the 
nta}>Tinum acceleratioiv A, or wise,, if ftie column breaks, and' the 
fracture does** pot f^ecur properly at the base of'it to apply to the^ 
centre -of ^gravity of the upper p^irt obthe broken columh a force 
iiapable-of givftig to that pirt of the ‘columir'the same maximum* 
acceleration A, , 

^ By means of suitable instruments Olnori detbn.-jtneci the Ctjnsfle 
strength of the brickwork of tiie^ columns |he had expcrl.*iv.uLeu 
upon on the oscillating table. s' ^ 
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TH*E RESISTANCE OF BJIltK iCOLUMNS. 

^ The •following* are a few important; details concernmg the 
materials used and their strenofth : — * • . t 

Omori used very gooci mortar compo.?ed cfT ojiepart cdtncnt aj/d 
two ^rts saftd ; he/ound that the teiisile strength of such jnortar 
wa§ equal bricks of rather inferior quality, and, in fact, 

columns of such bricks were broken, by bending, partly.across the 
^ftn)rtar and parrf)^ across the bricks. V^cry rarely \^as the fracture 
ciii^sed by the separation of tlf^ mortar from the bricks. 

However, the tensile ^rength of the mortar i^rease^ when 
it was used with bricks of superior quality. ^ 

In all these experimiifits the fxu'ce which caused the breaking 
of the material was applied very gradually. For forces i^^^^lied 
suddenly, the strength would have been rt^iced to on^.-half. 

In fart, as we have seen, the effect* of a Suddenly api)lied 
force is twice as grea\ as if the force ^lad been applied Statically, 
r^at is tru^ regarding all elastic bodies within the limit of perfect 
elasticity, and as regaiils bricks and slnlies it will be true up to 
fraefure, for with thesis | materials a rupture will occur as soon as 
the linjit of^tilasticity^has been overstepped. 

' The weight of the brickwork used wi^fgenerally o'o6o3 

pcTund per cubi(|incLi (e(iual to 1670 kgs.^'yCfcubic metre). 

t x • • * * ^ 

e^is made, to gi\^ an mstip^/with ih% mat^ al 6f a cok|ii»n 

jiine months aft(;r'its colistruction gave the follSCu^f results : — * 

Tensfle .strength of thc^ bricks, 142 English ^er square 

• ^ * * 

tich (r pound = 0'4*4 kg. ; i inch = 25-4 mm.). •* * . *, 

Tensile strength *at tiie joint of ^le briclr with ‘the mTirtar, 
71 ^yjJre inch.* * ^ 

■*S<Wlli!fP’four tests, llie iflean rtsult of which was 71 lb., are 
two in which ^the separation tod^: place clean at tie joints. The 
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BUILDING STRUQTUkEi# IN EARTHQUAKE (?OUNTRI.ES. 

mean strength for these fvvo was 37'6 lb., whicA mi^st be^regarded 
as the lowef^t streKsJth of the^column. 

^ The H^ricks in (Question were of quality known as extra 

’ second class.- «• ^ / 

. * ♦ • 
The forqe was ap[)licd gradually at interv.:ils* of from one to 

three minutes: ' , 

The tensili: ‘^rength of the bricks ak/ie wati found to varj' 

'for extra superior quality (all of the same quality) between^ 

and Ib* ^r .s(|uare. inch, mean strength 303 lb., for a very 

gradually applied fo^^ce. It was also*proved, in applying the weight 

\atiher violently, th!it its application took^place in less than 

secokJ, When in that nianner once 227 lb. and'another time 235 

lb. per squ:jre inch wvjre apjdied to one brick, it did not break. 

Later on it brolSe undel* a very gradual application of 356 lb. 

In a sijiiilar manner dyfiamic tests were/also made of 189 and 

217 lb. upon another brick without any rupture octurring, l^*ut 

ruj)ture did take place al/the s^titic test witti 257 lb. 

That denotes that the action was not/fyet ev(m thca a sudden 

one, the ruptuit/ ..>^¥hc dynamic test ncV. havmg occu%sed though 

the tension applivd was much greater than one-half of that which 

had produced the ruptiTT^ at th(‘. static tes^ . ^ 

•• ftn these exjjerinv^nts thc^S,^;sil(* streitgtn of the hr4:kwork 

varied from *337 J30‘4 lb. per .square fnch. » J'his great differi 

ence rcsuju.itr- jr/erliaps to a certain extent from the qualfty of the 

^bricks, jTor all'^the columns went made with* the .same mortan 

It sterns, a‘s we feave that the ttmsile strength of bricks 

and mortar taken together increase .4 with che.<^"gotia qiicmty of 

the bricks. ♦ ' ^ - 

It appears Uiat this strength , depends but little pn the dimen- 
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• THE RESISTANCE OF BRI^K COLUMNS. f 

♦ • f • » 

sions of the bncks or on their distribution in the brickwork, i.e. 

ft • * J . 4 • 

whether that be madf with horizontal jT)int% only, t)r with horizontal 
and vertical joints. • o * ^ 

^ strength seegis to vary a great deal with the more or less 
accurate vy^a kcnarwr-hip. In one case the mortar was tfound to 


'^adhere to the whol^i surface of the brick, in second case to half 
•oF it, and in a tbitcl only in j^me detached poifttsf The tensil^ 
su-i^igth was 209, 119, andlSr lb. respectively per square jneh. 
Vtiry careful supervision is* therefore, required in flie execution 

of the work.^ * - 

• ^ 

Omori also gives, in tflc paper from which we have culled rife 
above details, the theoretical formula^ of the [)roljIes (parab(rif^) of 
brick columns of various sections of cq*rcTl slrengtli^ of flexure, 
assuming that they are of perfectly elastic mfiterial These 
formula! are also apj)r)cable to walls ^id bridge j)iers. 

• In the following cha^ lers we g^ve, with some deductions, the 
calculations of columns and walls of*brick^ and of reinforced con- 
crete! We have made l>iese calculations starting from well-known 
forL-ult'T-; of ktiilding science, and following theStieas ol* Omori on 
the action of the seismic force. By another wii^^^^we.comc back 
again to ’{rmijji'.'e cijready given by^Omori of^the parabolic 
profile ^or brick colunms. • • ^9 • ^ ^ • 

•j Austrian, .^^'oninnssioii on \'uilis {Joe, cii.) fountf vaults built of 

niachino-iuD^o, suffivuently resistant bricks wiil^inortar of sliiwly iiaj Poitland 

(i pan cemeni ani»l^2't> ]>arL^ sanef), a^c of the niasonry«.ilX)Ul 1^, ^month^^ 
had a tensik. sUtiu^th from >to 6 kgs. jier sq. cm.# 



CHAPTER VI. 

C 

CAI CUTATION OF BRICK COJ-UMNS & WAI LS 
OF UNIFORM STRENGTH BY BENpiNG. • ‘ 

i '^matic Columns — Mi..xunum Bending 'Moment — ^i R tion of Rupture — Calculation of 
<!hc Stability — Parabolic, Rectangular, and Sqiiare'Columns -Y^Walls- Weight-bearing 
'W'cd^s— Application to the' Seismic Forces— Numerical Example — Verification of 
Stability. . * 

■■ ■ * 

Let us assume 'that A BCD 29) is a prismatic column, elastic, 

homogencois, erected vertically on 

« 

level ground and imbedded to ^the- 
section RF. Let this column be 
subjected 'along its fn^e part to 
horizon :al^ forces, dis'Bributcd uni- 

4t 

formly along ' its axis, applied 
gradually^ ami c;:pable of giving 
n the corresponding elements of* 
^ the column the acceleration a. / 
Let /^be the value of these 
forces per unit of the length of the 
body ; V;/, the /nasR of the body, 
also per unit of length. vVethen^ 
have y"= 

The majilmum bending moment J/ to whieh the column 
. . 50 
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CALCULATION OF BRICK CORUilNS AND WALLS^ 

* 

is subjected on the part of the forces f will evidently be in 
correspondence with^the section ^/'iwh^re tHe* col until is fixed 
down. % . r, ^ ^ 

Let F be the resultant of the forces^/j and P the weight of the 

• 

column ABC I), tf,the acceleration due to gravity, and^we shall 
have 

^ ti 


A" 




^ ^ fim , 

being the mass of CDEF^ When there is a question of Siding 

* • ^ 

the bending moment J/in correspq/idcnce witlii the section EF^ i^ 

is admissible to substitutc^for the /’s the force B" resulting fjpni 

them. That force must* be understood t6 be fi{)plicd in the 

# 

centre of gravity of CJ)EF'. If, then, h siglnfies the htight of G 
above the section EFy k is equal to one-half the height of CPEJ\ 
We have 

• • . U^Fh^~^xh. 


Let us take 1 as the ^ndmeiit of ineitia of the section of the 
solid, X the cVstance of the farthest distant fibrL* ij'5ni the neutral 

t # 

axis R the ultimate tensile or compressive strf^ss^ (tl;e smallest 
of the two) of the^matcriat.of which the boely is made— ^it is known 
•that the maximum bending monign^^T which ifie solid Ts capaWe^ 
before it breaks is equal tb 

• A’ • 


litted^, as we liavc^ done, that Ae law of pro[Jortionality 
lie siia>s‘'and th€ stresses manifests itself up to the 


if it is admitted, 

between Oie siicl>"s‘"and tli^ stresses manilests itselt up 

if the influence of fhe colifmn’s own weight is neglected 
in the computation of R, 
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Bl^LDING STRUCTI/rBS IN EARTHQUAKE COUNTRIES. 

V * {t , 

^ The force F or the acceleration a which are capable bf causing 

f I ^ r 

the rupturb of the coluipn af e therefore given^ by 

/' J * 

X~Pll ' 

If we call)5> trhe weiglit of the matter per unit of volume, and 
the volume corresponding with P, Vo have P^pV, and, thci'efore, 

■V' f f. 


Rig 

~pVhx 


(i) 


In^ is, therefore, the formula which gives a capable of breaking 
by fle/^ure a prismatic 'column imbedde4 at the base, for those 
elastic solids for which the law of proportionality is admissible up 
to rupture. Af)proximately this formula can also b^ applied to 
other forms o' which the variation of s^tion takes place ve»»y 
gradually. ^ ,u ■ 

Let us make out th^ following particufar case : — 

A prismatic column of rectangular l/ction , of sides 2 x and b, 
b being the side parallel to the neutral axis. , ' < ^ 

Then ther^ is /= — V— ^kxb, and have from formula ( i) 


s V ?xgR 


(2) 


In this' formula the dimension ^^does not figure, and it can 
a^sunre different values. Assuming 2 x, < we have a column of 
square section ; assuming b to be vely great,, we have a wall of 
, constant thickness in its entire helgljit, and ifUDject^*to'’''’Stresses^ 
normally in its length. * ^ 

As we haVe said, our prismaiic solid nhust, at least theoretically, 
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CALCULATION OF BRICK COiUJlNS AND WALLS/ 


• . * ® * 

break by*' flexrre at its base, because the maximum bending 

moment is there. Let us now look jjbr ^he ptofile of^a column 
which offers the same resistance to rupture *by flexure In ever^ 
section it. We s^n state at ondi that it will have a more 
massive fofm.af the bottom and less at the top, andjthat the 
variations of dimension occur gradually. 

• • Let us call 5 the area of the base of the C'^lufnn and V its 
voh|me, and* we shall have y being the height, and k a 

numerica) coefficient smafler than i. Let us assume,® for inlstance, 
the section of the solid to be rtictangular, of sides 2x normal and 
b parallel to the neutn|i axis. There will •then be S - 2^^', 
2xhky. Callmg h the height of the column’s cejLk/ of 
gravity above the base or the section at Ityd of the soil, the end 
of the column being imbedded in the ground, we can also write 


k'y^ where k' is a coefficient smaller Vhan i. 
we have from formula ( f) ' 




that is, 


,.2 


gJ± 


^ '"^tiKing / = 



' This is the equation of parabola of wlych 0 is fhe verte^^ 
Ox the axis of symmetry, Oy the tangent in tlie^ver^ej*, and which 
is related ^o these^axes fir and C^f. .'Fhe geometrical locus of the 
points P which consfi.^ute tht^extremes, on one side of fhe syqjmetr^* 
axis Oxo{ the solid, of^ the«ides of the Iforizontal sections norii!al to 
the neutral a\>^ is §[iven thS^refore by a parabola, for instance OB 
' This shows, thetefore, •that the column has a para 

bolical form. ^ 
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' i * i 

After these premisses, let us try to determine the col&riin. 

Let ^ ^be ^beinf^ a constant numerical coefificient^ for 

the varibus horizontal sections. For section the h and the 

/"of formula (i) have to bd determined. ■ 



/gravity G di a right, rectangular, parabolic' pyramid BOA with 
regard to the axis .v which passes through its vertex 0, normal 
to Of axis and parallel to the side 2 x of every seation. 

Divide the pyramid into so mahy trapezoids, each^ef 
the volume in'bdy. The moment of one of them wi^h regard to the 
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calculation of brick COLU|yiNS AND WALLS/ 

axis .1; iif equc’l to 2xbdy.y. For the pyramid of base fiA = 2X 
anS height OC=y there is 


ry % • 

> j 2X/fdj/. V—OCrj ^2 xMv. 

Calling q the f)araThcter of the parabola, we have 




and therefore, 


j 




V P v* 

I ^ 


OG^^r, 


^=cg^ 4 ^- • 


Determination of J'^-—D= { 2 xbdy = 2m C \*dy . 

Carrying out the calculation, and bearing in mind that 
Ve have * 

,r 2 

• / = —f//X-V 


Substituting now in.fofmula (i), as /= “ /;/.r\ we have 


2 AT A M 

— i o - , ■ 

^ 1 ' 2 „ pV‘- 

'■ x\ p x-vm • • 

'’ 5 


• * 

Y>a 


. «) 


% « 


The itumerfcaf coefficient vi is arbitrary, ais.d, moreover, it does 
not figure in formillj^ (3), ! Assuming ;;/ = 2, we hat^e the^squai% , 
section, to which, therefore, the formula (3) is applicaUe. • 

Le: u5 se'd'’it another iinportant case,, viz. : let b be = constant. 
The column is reduced to a Kne of^wall of constant length b, an 3 
of paraf)olic profile. 
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f 

Determination of h , — -Vsinjj the forei>'oing data, have 

\ 

•» * * f-V t /-j' 

^ l*2xMKy=^OGl 2xhi/v j * 

* ' J ^ ^ 4- 

and bearing in mind that j>“ ^.r, we obtain , 




//-- 


Determina^iou of V . — *Wc have 


rJ' ^ 

F- I ixhdy ^ g 

JO * • 


and again bearing in mind thaty^ — ^.r, 


V. 


F- -xby, 
3 ' 


-t . . . . 2 

Substituting these*^e^'pressions in formula (i), as I- -- hx^, we 


have 


2 t 

a — — / - • -■ 4 4 •, 

/ "'F, 

•. AKJi 

l'"= ■ — .V 


.. ( 4 ) 


In analdgouS^TA^nnc^ the profiles c/ columns ofvny section 
whatever )Can be . determined, ll will be ‘sufficient to introduce 
some sli<jht variation intCK*;hese calculatioiTs which .we have set out 
in a detailed manner. « In cont^iViing, sh^ll s'peak only o£ walls : 
what we shall stty fjf them can with the grc^atest‘kjcility be applied* 
to columns in genef^d. ^ * 

• ^Su|:i(:)Osing*^ Ve are to construct a parabolicai wall of height //, 
and destined' to support for every portioi]|.^ of its^length a uniformly 
distributed weight P, for instance, a Voof. L^eU jfe'assunl'e that 
the wall in question is a brick wall. ‘ 

* t i ^ « 

Let CZ? (fi^. 31) be the base ^ be calculated of ^this wall, and 
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M the^bendingj moment produced at the base of the waif by the 
ma^s of the roof, to which the acceleration a has been given. We* 

then have . i * • 

• • * * 

jy • 

a,H\ 

K 

Now, let us im^agine that the parabcOiral wall which is 



.o be erected has b(^.n contiiaued^uj^ to the point O jof its profil(4 
If we call the volume of the part of jhe wall above^the scytk>n 
AB, and supposing^ the leil^th of the w^ll to be equal to b, we^^et : 

I . 

• ■ f 

Deing AB= 241, OE =y^. 
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^ Calfing Pi the weight corresponding with V*, we^have /*] = p Fj. 

* ^ t * ^ t> 

Let hi f>e = th^c l¥eigl'fe of the centre of« gravity G of A OB 

^ ^ ^ • # 

above AB. < # 

* • 

The r^)of, of the weight P\ is put upon AB^ • T^he weight 
of the portion of the wall is applied in G, and that means it 

13 distant from CVJ by + /h - //+ ^ * 

usiio*v give to the portion AQB* of the wall that height, 
i.e. let us make AB so great that w« have 






The IxLse CD of ^he wall, the latter being calculated as 
continued upto*()and not bearing any weight, will b;. the same 
as lor the waii«*‘.*'uncated ajfthe height // dpd burdened with tlu< 
weight P of the roof, yhe other horizontal sections •of the v^^all, • 
calculated as if the latter were continued to 0, will offer an excess 
of resistance in case the wall should be truncated along and 
burdened with Let us, therefore, 'x:alcu^te the Vail as if it 
were unburdengd and coptinued to O, and being capable of satisty- 
ing the last ^ejuation. 7 * , I 

• Let, therefore, • . V • * • 

« ' 

g « #1 * * 4 

P'H^p + A)',* , ? 


that is. 


t « ^ 


By formula ( 5 ) and by 




h' 
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(which is only,., formula (4) applied to section ylB), we determine 
^indjj'i, ie, section AB itself. • • « ** 

Nimicrital ^a'<a 5 ;;///<^.^--Jpupposing|/^' - lO^DO ^=j*ioo cm?, 
//= 70P cm. % Let uj assume as the weight of the brickwork 1^00 
kgs. per cubic ;iiette, ?>. let / be = 1 6. lo"* kg. /cub. cm. .^earing in 
mind tlje results of Omori’s experiments, let us assume R = ^ kgs. 
►jffer scj. cm., whidi corresponds with 40 I6. per squ^tr^? inch. To be 
more exacts A" ought to be iifcreased by the weight per unit of area 
of the section of rupture of ihat part of the wall whiclf is*abo/e that 
section, the wall having to be ctjiisidered as being extended up to O. 
Generally, however, in ccwputing *R this wei may be neglecU^d, 
the more so as in*that case a safety margin is obtained, shall 
later on make allowance for it in the calculation of verification. 
Let us choose a coefficient of stability a = 4^)00 mwT. /./ = ^oo cm. 

From formulae (5), and (6) we have 

K 00. 100 — —1^6 ’ 

• 3 % 

From ( 6 ) we have 
And substituting in {a), 


V, 


o *.700. T oo.q ji'^ -f 1 6 . V]* 

* 

4 -981 -3 o 

- - .Y = 1 84 . 1 0'S , 

[6»io ‘.400 ^ 

. 

.r, =• 136V.V, . , 


•U r i-< . 
• (a) 

■ {/>) 


*7.io''= ■ .•16.7.1.86^:/' 

' 3 * , 0 ’ 


^16 184..T1-. •• . 

• . • 

*T\mi is to say, ^ we have an eqi^jmon of ihm ~ bx^ cx^ 

which cai! be easity solved by findinguicVnrlee of 
• We find that -1^-15 w^ll satisfy the equaticTn. * Substituting 
that value in {b), we h*ave_j'i = 520 cm. •For the base €D weTiave, 
therefcfre, ' 


7i = 5^o + 700=- 1220, 


and sub'stituting that ii/ [b) we olAain 

• 0 
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f / I 

The wall has therefore a width of 30 cm. at top and of 
'j6o cm. at the b'Vzt. In practice, the sides ^^‘and CD of 'its 
Vertical section will be unite<L by straight lines, as ,in fig. 32, instead 
of by arcs of parabola. That does not affect ^the stability, ^vhile it 
simplifies *^^he construction. »■ ' « 

Calling P the weight of the wall per lineal metre, we h^^ve 

• • 

160 + 30 ^ ^ ^ ^ 

' jT - .. 700 . TOO. 16 . 10 ^ 10,600 Kgs., 

m 

and it will be 'applied to a height h above the base given by 

r 

, 160 + 2.30 700 

• //= . - — = 270 , 

160 + 30 3 


which gve have obtained troin a known geometrical formula. 

The acceleration ft of which we have spoken up to now may be 
understood to be applied to the column or wall in the following 

•mriiiiier: — , 

Let us assume that seismic force bnparts to» the soil , an 
oscillating movement wfiose maximum acceleration is a. If we 
imagine that simultaneously there should l been communicated 
to the colunins and -the soil an oscillating movement identical with 
that which the soil has really received and in the same direction, 
but of phase shifted to then the soil will remain immovable, 
and a horizontal force /^may be upderstood' to have been applied 
to the column.^ If, 111 accordarjfe with what we have seen in th(! 
preceding chapter, the iieig'atr4)f the column be hot injimtely great 
compared with ’ its thickness and the ampfifude of the seismic 
movement, the force F oPthe earthqujjke may be understood as 
having been a{)plied gradually to tlfe centre gravity of the 
column. Consequently the formulae ^hich we- have deduced in the 
present chapter are applicable to The construction of columns and 
[ ' 



CALCULATION OF BRICK COLUiVINS AND WALLS. 

• walls seism'c regions, but of course only in the case ot short 
cofumns. The maximum acceleratiG'n-of 4000 msn. per jec, per sec/ 
which we h^ve a^isumed ns ^coefficient lof stability in our ifumericaT 
example repi%scnts lin practice a very considerable value, and, 
generally spea 4 d!ig, it will not be required to base the calculation 
of construction Up4)n higher values in seismic region^. 

' ^ Once a masonfy column has been calculated according to the 
preceding formulae, it mighrbe advisable for the builder to pro- 
ceed in the usual manner* to the verification of stability, i It is 
known that the conditions oT stability reqiiired in the practical 
building of a wall are as Jhllows : — * • 

1. Resistance to rotation in every liowzontal joint. 

2. Resistance to sliding stress in ever^ horizontal joint. 

3. Resistance to crushing stress in every horizrTntal joint. 

• 4. In order to ps^vent the mortaw being affi^ovd by tensionV 
th^i resultaiit of the f^r^es must for e^‘ry horizontal joint pass 
within the middle third of the base. 

^Resistance to Rotat^n* — Seeing that we base our calculations 
also upon tlift'. tensile^stren^th of the mortar, and that* we consider 
tlTe wall to be an elastic solid imbedded at its base,^rotp.tion is not 
posi^ble. Incicj^ntally w^e make the fi^wing remarks. 

Aci:ording to Omofi, w^htiii Jth^a^lumns d’n question are small 
^ind^simply put.w^ith their bases\y^^e soil, ^o f(ia> neither the 
period of* their rocking before they are oveTCTTrned wn'll l^e long in 
‘‘comparison with the^period^of the earth motion, nor their tlycknes 3 
great in comparison with J.he amplitud^ of the telluriJ movertient, 
the ar^ument3^t*down^3erore regarding short columns subjected 
to flexure may be repeated* here, find the seismic force may be 
understood as being applied gracipally to the centre < 5 ^ gravity of the 
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if ’ < 

^column itself. If we then call jr the semi-thickness of the Cf)lumn, 
^and h the height G^f'its centre of gravity above the base, it is neces- 
sary for dverturnii^g the colfimn that fhe^ turning- moment of the 
horizontal force about the eci^ge of the basis should hfc greater than 
the moine^nt of the weight about the same point, ‘there must be 


\ formula due to Professor C. D. West. 

As regards very large columns, the seismic force must, on the 

A 

other hand, be understood as being tjpplied suddenly. ‘In that case 
the overturning wil^ii^ general be(?ome practically impossible, because 
the Amplitude of the earthquake motion will not bo sufficiently great. 


Resistance to S /id i)io Stress . — Assuming — == tan rl there is in our 
■ example — = 0*4 1 , and therefore 8 = 22^201, which means, 

^ / I 

the resultant of the forc^ applied to every joint forms with uhe 
vertical an angle of 22'' 20'. In order to prevent by friction the 
horizontal joints in a wall sliding oversea..!! other, there must be 
(^<35°. Hefe there' would, therefore, bo- no sliding eVen if we do 

V ' ^ ‘ I ^ 

not take the resistance of the mortar into account.' 

Resistance^ to CrnsAin^\ —Lei us consjder ‘an eja.stic, prisn^atic 
* solid whose every transversal ^sectiorf presents? a symmetry axis 
normal to the Ikie !;f intersectipc' of the pl^ne of the section with,'' 
the plane^containing'ide r^suitant forc'e acting on the solid, nnd 
w^ose fibres oppose equal resistance t6 tension and compression. ' 
The, neutraP axis will then coincide in eferv section with the axis 

of symmetry, and the farthest comprbs^^jd fil)re\Ss well 'as the 

^ \ 

■ ^ See also the note on p. 6, Chap&r relating t(^ the’ non-horizontal *iccelera- 
tion of the earthquake. 
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farthes^ stretch«jd fitre will be at equal distances from the neutral 
axiit. Let us call A the area of the transversal svegtion the solid, 
P the force along; the axi^ ol* that section, M ihe bending moment^ 
at the section, its moment of inertia, I the distance of the farthest 
fibre from the»ni^*^tral axis. As is well known, the maximum 
unitary .compressive stress o-j and tensile stress o*./ sustained by 
.<1*^ farthest distaliufibres of the section are : » ^ 


r M 


M 

" / 


( 7 ) 


These formuke will appro.fimately stand also in our case of 
a solid with a profile sli< 4 itly inclined on thb hxis of the sokd 
itself, and not perfectly^ elastic. When we have to deal^y/ith a 
rectane'ular section of sides 2:r parallel and /^'normal to the force 

* ■* * 3 

of the earthquake, these formulae arc translated inte> the following : 
. P Pd 

• <0 -*4 ; + 

P ( (yd 

• " 2.'» . V\ 2X 


J. J 6/7 \ 

- — 1 1 — ) 
2.V . b\ 2X/ 


in wmcl^ 




:. rises'\37 cm. above 6", or»307 cm.’ above 


In our case, if we call .'IBCD (fig. ’32) the ^profile of the 
wal’fr tlie weight' iy ap])|icd in it, and she owYf weight P'' , 
(j. '[‘he total weight. A is applied in R in sn.ch ,a manner that 

M' 

Every metre-run of the wall is, therefore, under, the actibn 
of a vc^rtical force.’ /^— ih^oo kgs., a'!id of a horizontal force 

(,600-4750 kgs. appHed in /?. Our case is (fig. 32) : 

d ^ ST^RS 3. ■==*0*41 .307=^ 125 - 
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solid, but ifi it is vjifctly superfor tct ^he value of cr al 

found here. Our w^caiftWrefore very well rtsi*st crushing. 

^ Tgisile Strhtgtk of the Jfortar,-^V ron\\he above it results 
thaf'^our brickwork is sul^ect to a maximum tensile stress of 2 ‘68 
kgs. per sq. cm. We have seen tfia^ the ^:eiT 5 i]e strc?hgth of 
brickwork may be set down iit 3 kgs. per sq. cm. The wall is ^ 
therefore alsoTable to resist the tensile stress. 
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CHAPTER VII. 

3ALCULAT1CN OF WALLS OF REINFORCED ^ 
CONCRETE. 

• • 

Walls with Doub^ Reinforrement— Walls of Little Height witli Ki|Ual Stn'ngtii ot Flexure 
— Weight-bearing Walls— Period of Vibration —Impulsive Force -Centres ol Rotation 
— Tlieir Detennination — Pai^icular CasH - - Expcnme«t?ii Notions — Niiinencal 
Example -Very Hig^i Walls. 

• * , ■, 

We shall assume, for the purposes of this calculation, that wc are 
dealing with a wall doubly reinforced by vertical roSs of iron. 
Fig. 33 represents thp horizontal sectiQn of a portion of a wall 

A~ 'I ^ 

• I 

, ^ 

I , 

X..1 • X 

L«- _ 

Fui. 3^. « ; • ‘ ■ Pm' 3-1. 

k f lenoth d ; a, a are two rods ot inon destined t"# r(*.sist. the tensile 
stresses which tiie section of.th(!wall has to .^^stain. I he^ concrete 
^admittedly will resist^ornpression onfy. For the greater simplichy 
of our calculation we shall .deduce the section representell by fig.. 33 
to that .ihown b^" fig. 34, we shall assume that the wall is only 
• reinforced on one side — that ohe on Mrhich it is subjected to tension, 

^ g • 

That is pcrmi^^sible in practice. 
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:^JILD1NG STRUCTI|’Riiii IN EARTHQUAKE "^COUNTI^IES. 
Let us call : 

M the bending i^iomen^t acting upon the section. 

/ the distance of the neural axis from, the farthest' distant com- 
' pressed fibre. ^ ' 

h the distance of that fibre from the axis of ^th(3 reinforcing rod 
of iron.' t> 

^ f I « 

F the section the rod. % ' ' " ^ 

Supposing that the iron is strained by J050 kgs^/sq. enn, and 
the C')nc'rct6 by 35 kj^s./sq. cm., strafns which arc admissible 
for concrete of the usual mixture of ingredients, {)ut of select 
quality. ‘ ' 

Wq then have ‘ 



1 -^!- 


i\ h 

' bh 
240 

U ^ h 
4 


(«) 


By the.se formijkx*, and given the bending moment acting upon 
the section', the latter is determined. Let us now tiy to calculate 
a wall of equal resistance to flexure. 

Let us call P the weight of that p'art of the wall above the 
section with which vx deal ; / the, distance of die centre of gravity 
of the portion of the wall itseif from the section ; V the volugfe^ 
corresponding with'/"; « rfye acceleration by which the wall is to 
by strained ; p fhe specific weight of the reiioorced concrete. We 
then have * ^ 


& ^ 


^ See C. Guicli, loc. at., p. 8i. 
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i • 

Assuming for simplicity that h = 2x, zr being the thickness oi 
the wall, and calling k and k' certain coefficieut^ smaller than 
and in general e^nployin^;* the data alreacfy used in Chapter VI .• 
we haVe , * 

• Af= /'kyS/i'y = pK . 2xl)y - , 
in which K^kk! 

• • 

** But from forTnrla (8) results : 


-'-M- 




and equalising the two expressions of M which we have found, 

1 * it# 

we have • ‘ p 

^ 1 6 x-b = — pK . 2 f 

k • ' 0'' 

y--i>x ') f.' 4 j 

a/’A • 

This is the ecjuation of a parabola. Our wall will, therefore, have ^ 
a parabolical profile, i nd from Chapter VI. it results that then 
there is 




r- -xbv] 
3 “ 


wherefore, pVoceeding in analogous manner, we ha^’e here 


and consequently 


„ I 1- I 

A - . — — ’ 

4 * 3 .12 

V "= — - A ’ 

■ 


i.c.^p being for reiifferced c(*)ncr 5 te ^ 25. IO■^ 


^ . r 

r== 375-io’ „v 

• a** 


. (9) 


(9 ) 


It must be noted that b^ the af>plication of this formula it iS 
anticipated tl^it the reinforced corfcrete will be strain^^l by the force 
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' ^ . 

‘ of the earthquake not up to breaking point, but onl^ up to ascertain. 

'‘limit which leave? a very convenient margin ^for the resistance of 

•the walk « does, not tWr(f --est^p^ ..W ■ 

^ , ,Ay ot the Wall. As, howev/^r; thQ dimensions or 

xiiO wall j}o not become excessive, we have considered jt advisable 

to start from formula (8). ^ 

In case it :/hould be considered desirable to subject, analogous'. 

to the brick walls, the reinforced concrete to a grcritcr strain, it will 

always be po..siblc to choose for « a lesser value than that of the 

maximum acceleration A anticipatCvI for the earthquake. 

, A wall of a given height //• which bears a giv^en weight P' on 

its top will, analogously^ to what we have said in Chapter VI., be 

determined by 


( 

Numerical Example , — Let us set down P^iooo kgs. per 
running metre, and If metres. Then*<we will have 

n 2 '*1 

^ ^ I ~ . 2 5 . 1 o" ^ 7 . 1 o*’ . I o2 ..q r, + “.25.1 v, - , 

)'i = 375-TO'‘'^^-94.iQ=’.q. * ^ 

o ^ I 

Solving^ th:sa two equations by attempts jn an analogous^ 
manner to what we did in jCihapter VL, we fkd' 

f ' j 

‘ ^ -Vi-O; _v,‘=75o./« 

^We obtain then ' v 

J .V=22. I 

' / 

Our wall has therefore a^ahickn'ess of 12 cm, at the top and % 
.44 at the bc^se. In practice it would be inore convenient, for the 
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' • 

• • 

greater simplicity of the construction work, to substitute for the 
tw(5 parabolic arcs of the profile their spans^. ^ . • 

The calculation whith ,we have Ijeen pursuing will •only be 
correct if we ^an assume that the force of the earthquake may#be 
understood, as ^Dclng applied gradually. Let us now se« whether 
that would be ada^ussible in the case before us. ‘ 

*Omori^ has found by way of experiment th.fPfor a column^ 
i8o cnc high and ii cm. •thick the complete vibration period 
T was 0*2 second. From his experiments it rt^ulft f^irther- 
more that, as it ought to be,® the vibration period of a column 
varies in direct ratio to 4he square of its h^^^n, and in invgrse 
ratio to its ihictuiess. That has bcun verified by him for 
columns in solid and in hollow brickwork. As a general 
maxim, and '’Iso in order to give an *idea how matters 
stand, - we shall assuipe that the sanity results can be applied to 
our, parabolical wall v.^f reinforced concrete, “although certainly 
brickwork and reinforced concrete aVe bound to behave differently 
from each other. 

As thick^^ess of the wail wc shall take the mean value between 

the Lhi,;:kiu ss at the* top and that at the base, /.? ^ cm. We 

# ^ • • • 

have therefine 


^T- 


ii 


seeing tha ^ the period ^of a destructive fCarthquake may be 
^‘assumed to be fro!^. i" to J seconds, it cannot Jje* said that th^ 
vibration period of in^ w^ill is very sinall compared ,wath tll?if of 
the earthquake. The can, ther<?lbr^, no longer be under- 

stood^ as being applied gradually. ^ 

• • • 

^ See Publications^ etc.,, No. 4, p. 119. 
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Let us now examine what will happen when the force (fipplied 

to our wall or cokimn is sudden. . • 

« • • 

Let *AB be a (column or^a rectilinear -lod in tbe ophn space, and 
letf the impulsive force F normal to the axis of A;he coJumn be 
applied tio* an extreme A, The column will thed‘ tend to move 
in the plane ^’determjncd by its axis and the forc>e F. Let us now 
look for the position of the instantaneous centre dl that movem^’at * 
or gyration. That can be done seeing that at any instarft the 
moment of the aypfied force is equal to the 
sum of the mdments of the forces of inertia 
of the column wiri-i regard to that instan- 
taneous centre, and that the sum of tlie forces 
of inertia of the column’s various elements is 
eqhal to the impressed force. > Thus \\(i have 
two equations which give us the positi*.)}] 
of the instantaneous centre of gyration which ■ 
we are looking for. 

We shall make ov our researcii for some 
specific case. We- deal with a piece of a w^all 
of constant length and triangular profill wllose 
vertical .section is represented by fig. 35. Let us suppose that 
1/e have to do wath an elastic and homogeneous solid at whose 
base the ftree*’*/"" ‘(normal to tile length bf the wall) is suddenly 
applied. We shall ciall 0 the centre' which is be determined, 
an,d we shall' assume that the thicknesJi of tbf/ column is negligible 
in view of Tts height. 

Let us imagine the piece of wall to htl divided into eleihents by ^ 
so many horizontal sections at^Wery short distances from eacl> other 
(the distancefto be called dv), an^ let us call x the distance of one 
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of those elements ‘from the centre 0, and z the length *of the * 

iff 

piece of wall. The volume of one of those^ element mnr^ is/ 
then approximately giv^n by rs.z.dx^ if we put ^=^BACp 
by 2 tan /3{dz^..v)z dr, and if we cal/ p the weight per unit^ of 
volume, and ^ 4 >'»tbe acceleration due to gravity, the ma^s of one 
element is equal to 

I ^ . 2 tan /i{/>± •, 

^ • 

* ' P 

and that means that if wc put 2 — tan the saic^mass is equal 

to C{l)±iX)dx, and we shall understand it to be concentrated on 
the space dx of the straight line Ad. • • 

Call f') the angular \;elocity possessed by the column during the 
impulse in the instant A The velocity v of an element clistant by 
x from 0 will .hen bc«u-. Its derivate is equal to 


. (it d! '* 

and represents the acceleration impressed u])on the element we 
are considering. The vis inertuc corresponding- with it is equal to 






As we have' already ob^eiwed, the moment of tbe impressed, 
force P' with regar l to must be^ equal to th-c j^in^of the moments 

of the fortes i’^ertia of the various elemeiits of the column, as 

• • 

there must be at % 3 yery iilstatft equilibrium between ‘the forc^ 
applied and the fordf;-. of inertia. , 

The moment cf oi.c^ oi*thc forces ol*wnertia is 
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• I 


and consequently, if we put , 

^ ^ • I * 1 


ai/d, inakigij- the intet^r.itions, ^ ^ 

f '^■5 '4 3 4 / 'V3 4 /2j 

^TrT' * 

Equalising the forces, we have «. , 

' {b + x).\dx - ‘V)AY/.r j , , 


(a) 

f 


7.C. 


\S(i>d^ d'^ b^ 


F~-C,C~ f - -~- + 
2 3 2 


D-<*"r-?) ^ - ■■ « 


From the equatfons (a) and (/^), if we multiply the second by a, 

fi ^ f ’ . ..r 

W'C g('t - ’ < ■ 

bd^ d d bd^ a* da 

- - + fl + ■' f- - “ , . * r 

^ ^ 3 ^ ^2 2 3 6 

Putting in that equation H-a. and soKdng it\vith regard. 

to ity we obtain ^ 

Jl 

, ' 2 ‘ « V 

« 

The Centro of rotatio’n is therefore, in this particular case, at 
half the height’ of the wall. c . ' < ^ 

* Let us now compVite the ca^se of a wall or co'lumn whose thick- ^ 
ness is constant and, ^in- view of its height //, ne^iio'ible .wTile the 
qlirection ©f the 'impressed forqc, applied at its base, is normal to- 
the length of the wall 

The force of inertia wil^ have, for element, the constant 
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r ♦ 

« 


and pi5M:ting C, ^ , we have 


and it^tegratin^^ 


J^tr fp 6'^ J x^dx + I ' x^dx , 


+ P 
■ 3 


(^) 


We*liave, besides, 

•u 




7.e. 


F=C 


(V - P 


d) 


Iu[ualising the equaticjns (c) ar/d (//), we gtt* 
a'^ + P {(r - P \ 

' 3 ='Vr-)’i .. 

from which, /j being = results * > , 

which means that fii the case of a ivall of constant thickness the 
centre of rotation is a^ rj of its height. • 

In a like manner the centres of rotation of •columns with other 
prnfiliv can be deterfnined. 

Omori, pitting together the data resulting from* various earth- 
quakes, found t^at, a«? regard} long chimneys, the'T'uptnre tako^i^ * 
place a little above/ the centre of ijotation, whiel:^is*it the same time 
a steady faint pA he gives^the following experimental formula : 

^ 2 I VlOO ^ / j ^ • 

in which a' represents tlf^^ight at whfeh the rupture takes place. 

till order to determine the strei^th of our reinforced concretti • 
wall silbjecl^to an imf)ressed f<^ce, we shall apply^analogdlisly 

h 
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to Omori’s mode of proceeding with regard to ^himneys^ — the 

formula (8) : , 

' ’ < , 1 /AJ 

r / -/ X ^ 

I 2 V * 

:o ^ the section of rupture of the wall as detei inincd'' in the 
xbv^ve mrftjiiv.1. Once this section of rupture has beeh found, we 
:an proceed if we had )to deal with a gradually r^pplied/orce. 

The calculation of high reinforced concrete walls, the thickness 
Df which, as a rule, is very small in view of their ' height, can 
tlso gdnerally be made in this manner. 

I 

Nimicrical Exambic— Returning to the example already staled, 
efus sup[)()se that the wall has a constant thickness h — 20 cm. 

The Jieight of the sc(^tion of ruj)ture is given by the formula : 




r being = -//. 
3 


In our case the bending moment M of the formula // 


1 \M 

2 \/ It 


Is given by the mass applied at the top of the wall and by* the 
mass of die oart of the wall above the sectior of fraefure, to both 
□f which the attion of the earthquake has been gradually applied. 
The second of these, forces is ap[)l'ed at the centre of gravity of 
the saul part of the v ail, ix, at. 117 cm. frtmi thp section c*TTipture.,^ 
The weight of that ])art of th(* wall is ^ os' 


' - 235 . TOO. 20 . 25 . TO ' 

Consequently we have ^ 

^J^---p^^(icoo.235 + 4oo.^ 


= 400 Kgt;, 


[J7)t 115. 


TO’' 


^ F. Omoii, PubU'eations^ tic, {). 123. 
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CALCULATION OF WALLS OF REINFORCED CONCRETE. • 


and, sijljstitutinQ; in formula (8) for the letters their values, 










« 


'rhe wall must; therefore, be 17 cm. thick. « 

If we call X2 and yg corresponding values of x iind y for 
the seci:ion at the height of the parabolic wall /and applying 

“‘formula (4), we get : 

. ^* = 750 + 235 = 985, 


and that is S') say that the wall at that height is 20*4 cm. thick. 

It may without further demorfstration b<^ concluded that the 

parabolical wall of which we have given the calculation would 
. ' . I 

resist even if the force oi the earthquake shoul^l have :t) b(‘ con- 
sidered as b^'v^g a{)plied im])u1siveiy. * . ' 

Theoretically speaking, whenever the wall with which we have^ 
’'co deal is very high and of constant thickness, '^end not rigidly con- 
nected with a rather ample and deop foundation, it might also be 
ovei turned. Hut as a ma4ter of kict very high Structures, as we 
have seen, LO*e never overHp'ned ; also, Omori ck)es notjeven hint at 
high chimneys whiclf had been overturned, in orcw 4 ?<iii<!rtake that 
pfjssible, it wfiuld in the first place be necessary that the amplitude 
of the movemeuf of th^ soil as^^Lmie much higjier valffes than tho^ 
which have been^pro\^d to o(x:dr in desiri^twe carthcpiakes. 
Rathei than bLyr-g overturned, the cjjimneys- will break. Thus, a 
•circular chimney br^^* the" height t)f which was^ 3C7 metres, whif© 
its external diameter^t^ the base was«r4‘30 metres. At any*rate, ^ 
by the use of suitSble fgiAidations evei^^ danger of the wall being 
overturned is excluded. * I • 

There :*^,,no need of other verification. 
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CHAPTER VI II. 


FREE-WALL HOUSES. 


Disposit’on'^of tne Walls - Foundations — Orientation of the Walls — Ileii^ht of the 
House— llrirks and Reinforced Concrete^ - Partition "'Vails — Roof and Floors — 
Applications. 

<• ' -( 

Thk primary condition for walls ot houses of this kind is that 
they can 'vibrate 'without impediment; it is advisable that they 

should be disposed as inTiv. 36. The empty space-' ‘ ''’-*oles 

• inve to be niied up with brickwork 01 

also with reinforced concrete, which wili 
adheie to the walls as lonjr as they stand 
firm, but will bc^ detached from them as 
soon as they begin to \dbrate. 

Seeing that these walls are i.nerJed 
to resist each one on its own account, it 
is, at least ' th joretically, riot necessary that 
their foundations should invariably be 
bound together. In pnetice that will, 
‘however, be by far preferable, liecair.se the walls may not only 
be subject to stresses of .‘lexure, or to 'tresses of flexure and 
shearing, which they are calculated t,) r,jsist,‘out landslides may 
bccur, or other phenomena which might alter the origintrl dis- 
tances or the Reciprocal position of the bases of the y 
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FREE-WALL HOpSES. 

which ^ould probably cause the ruin of the building, notwith- 
siatKiing the resistance of the walls themselves. , ^ # 

If there are no impiediments to the Vrce orientatior^ of the* 
buildirfg, and the direction of the maximum intensity of the 
earthquake^ in '*t!i:i place is known, it will be advisable^ to place 
tlie main walls at an angle of 45° to that directi-on, F. The 
•‘re'iToh isi^bvious* If we call . / the maximum hor' -'^ntal accelera- 
tion cf the earthc[uake, the -maximum acceleration by which the^ 
walls wall be strained ndryially to their front side «vdll' Oe^ equal 
to A cos 45°, ic, to about 07 A. This extreme case is more 
favourable than the othet extreme in which direction of die 
earth(|Liake woukf be ^^arallel to a wall. ^In the latter case there 
w/ould be some walls strained normally by a maximum e'jceleration 
y/, and sonV 'Other§ would not be strain'ed* norm. illy At all; and 
in such circumstances the collapse of s^Miie walls is evidently more 
hkt^ly than in the other case, the more so as ?the walls are inae- 
peiident of each o*ther, so that it ts even im])Ossible to uphold 
the assertion (erroneous^ i^lso in general, though advocated by 
some people) that, inasmrj:h as walls which ar(‘ boimd together 
mujjal’y support each other, it would be. advisaUeviv^ke one 
part as secure as possible, as a support lor the otfiers which are 
more exposed. 

As reg^^'ds the' height of the^lJ^uilding, if' the^wahs are para- 
bolical ofics, it^must not, a^; a rule, jcxceed 1 certain limit given 
-by the vibration pc^vd of'the^walls thcmselve^r,. *’As has^beefl 
seen, the latter have l5 tn ^calculated as»»not in/inilc/y hi^^h columns 
whose Oscillation period ii§ •very small 1 ?ompared with the })eriod 
►of the earthquake itself (or *whosc| height is not infinitely gresft 
thicknes^ or of the ai^plitude of thg^^e atth^u ake). 
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BUILDING STRUCTURJES IN EARTHQUAKE 'COUNTRIES. 

t 

f , . . . / . . • 

With brick vvdlls it would in practice never be possible tp arrive 
at a similar height, owing to the excessive dimensions which , 
would have to b(^ given to the base. ^ t ^ 

^ Very high walls would have to be calculated /Jifferentry, that 
is to say^. as* if the force were suddenly applied. ' ' ^ 

' We have refrained from developing this calculation for brick 
walls, becai*, '^ we do not consider it advisable to erect Very High^ 
brick buildings in seismic regions. « * 

As p..gards the use of reinforced , concrete, it is, as we have 
seen, very suitable for this kind of work. In kict, ^the walls do 
not assume an ej.aggerated tlVckness, while having the required 
strength, and it is pra.cLically always possible to give them a 
suitable fo'indatioh to prevent their overturning. We have given 
the calculation ©f such walls also in the case that, ^ 'ving to their 
dimensions, the seismic force would have to be considered as 
'H)eing applied sud'lenly. ‘In quite analogous manner brick walls 
in the ..ame conditions can, ifTcquired, be calculated. 

'Fhe partition walls must be either so very light and weak* that 
they do no,t disturb the vi])r^itions of the main walls, or they must 
leave ard;^‘.jides sufficient S[)ace to admit of all the walls vibra*iing. 
The empty s[)aces at the sides may be hlledaip in any convenient 
.:r.::nner. ‘ , r. ' 

The roof masi be free. That diminishes the bending moment 

^ O' 

of the walls and allo’. cs them to vibrate freely. ‘ v.” 

' If there ate fk^ors, it is advisable that the^/-,should rest on beamc 
which cross the thickness ef the walls In <euch a way as to leave 
them free. r 

V At the same time care iriust be taken that the beam3 pro- 
trude SQ.^mjc^h outside that they do iiot lose tLJ.. 
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FREE-^ALL HOUSES. 

« 

during^ the oscillations of^^the wall, even when they are of great 
magnitude. » 41^ 

Regarding some det^wls of roofs and floors which are applicable* 
also iif this case, sec Chapter X. ^ 

The form of»the walls (very thick at the base when brick walls 
are in question), and the necessity of laying out the* various [iurts 
<i*of ghe building fb such a manner that th/l^y can vib» freely, are 
sure ^o prevpnt this mode of,Duilding houses being widely adopted.® 
There are, however, cases jn which it is the only mode ^ hich can 
be recommelhded, notably if the buildings to be constructed are of 
vast dimensions, such as large s^heds, coveVci railway stations, 
th(*atrcs, etc., when, owing to their extent, the possibility or the 
convenience of strii^cture destined to behave; in fltcc y all earth- 
(luake, like monolith, is not to be thought of. . ' 

'A small observatory w ith parabolic walls has been constructed ^ 

* o 

;.i japan,^ and it has now for many yeais resisted well all shocks. 

It is built upon a basement of cj^ncrete, aud has a superficial 
are«': of 83 sq. m. The walls arc 5*50 m. high, and of thickness at 
the top of 7 m. and at the b.ase 2*^0 m. The base of ^thc walls is 
insc -ted into the basdment and forms one and the sanie^'^dy with 
the concrete cM'the letter. The roof is free. 

^ Dl- Munte*s>iis, /oc, tifi, j)? 513 ; .PuhUcatum^’, ftc,^ No.^iro, 
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CHAPTER IX. 


ON MONOLITHIC HOUSES IN GENERAL."’ ' 

Rigidity, of'' fac Sfru dure— Vil nations of the \V;ills-—«They behave like Reversed Pendula 
()i IClaslie S{)rings--lIeiL;ht of the lloiihg^- Cliouiiil Plan — Junctions between the 
Walls - (ierieral Observations- A( t e.ssorv J'arts - Repairs. 

This type of house seems to be more suitable for common use 
than free-'*'^all hoilscs. Tlu; difficulty lies, however, in enabling 
them to vibrate like single piece. It is thereicv.c ncce.ssary 
^ that their component parts should be bound together as much is 
* jlossible in a single homo<|en(ious entity, and subjected, ar3 far as 'Jl 
can be hjne, to the same stresses. Such hoiKses ought not to be 
of very large dimensions, but of compact form and based upon a 
very solid pintinuous foundation. Omori,^ during various earth- 
quakes ''c roll tk? opportunity of making obsei vations and e^aiwina- 
tions, regarding the manner in which the walls of t(ie building of 
the Engineers College at Tokyo {\i twd-stbned building of which 
the external waJls.are about iC in. high) were affected. He found' 
that when ihe^oscillaMons were slow, />. of aboTit 0*5 secpiutj they 
were the same on the upper and bn the ground floors ; but when 
.they were < rapid, their aiojflitude undt:r . 4 he roof was double of 
what it was on the ground floor. •' / 

^ F. Omnri, PHhlicatio?is^ eif,, 4 y p. *io; Note on Applied Seismol{fgy\ etc,^ 

' t . t • . f 
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ON M0N0LITJI(2 houses in general. 

Sedng that the period of vibration was the same in both cases, 
it sgems that in violent shocks the wall upon which the r»of restec^ 
behaved like a reversed ^pendulum subjected to forced vibrations,* 
its motion behig synchronous with that of the earthquake. 
similar wall has* been defined by Omori as seismically ordhmry. 
On the ^other hand, a wall is worst which oscillators at the top 
„sevveral times m<fi^ amply than at the bottom, T^ike an • ktstic s[)ring 
vibrating within its own period whatever may be the period * 
and the amplitude of the movement of the soil (as a w.-ll of the 
Museum of Natural History at Tokyo). Good is a wall which has 
the same movement as that of the soil, at the teto «.s well as the base 
(as a wall of a k?nk building in Tokyo).^ Omori also observed 
that during destructive earthquakes the damage to t -rd^storied 
buildings is generally restricted to the upjj^i’ floor, ^,a ia:t which is 
certainly to be ascribed to the increaSv^ in the vibrations in the 
Iwo’hest oart of the buildin<r. 

o *. o 

It is therefore atlvisablc to consU'uct very low biiildinj^i^, with 
very few stories and a light roof which cannot be deformed and is 
rigidly united wdth the walls. In addition to that, the various parts 
ought to show as few interruptions of continuity gts po^'"‘’61e, and 
the transitionbfrom one to the other ougttt never fo be made in 
a sudden mannt.*. Tke circular form is thooreticaWjj^ the mg^^ 
suitable one for a 4juild'‘ng, the tnore so as, wh%n using it, no 

account need be 'aben of the direction of the isinic action, which 

• • • 

■ ii^very often ilWlefiAed or wholl)^ unknown. Tl)/^ g#)od fesistance* 
of circular buildings Y-V cj.rthquakes has, besides, already* been ^ 
observed in practice.' •• 

Large curves of junction "gcncnally ought to bind together alk 

1 rations^ etc., No# 20. * l 1 ?^Montesbus, loc. p. 496. • 
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BUILDING STRUCTURES IN E^R’i^HQUAKE 'COUNTRIES. 

t » 

. f ' ' 

walls of different directions. Figs. 37 aiid 38 represent two rough ‘ 
c ground-pt’ans of houses built according to that principle. In tjiem 
^ the dotted lines^ may Vepresent walls of reinforcerqent across a 
passage. Polygonal plans, short rectangular plans, etc., nTay also 
be adopted according to the practical needs. 

' The rooms ought generally to be small ; windows at]d doors, 
too, must b' small and 'few in number; the well 'bound, juf 

^ the floors light and well bound to the walls (vaultings' must be 



Fig. 37. ' ’ Fig. 38. 


altogetlr>u* a>/oMed), and so on. Regarding certain details^oC^con- 
struction we shall give a few hints later on. . \ 

- As rcg^jfds the orientation of t\\o house, it will always be well, 
even for intern<i.l partition walls,, to pay attention to whac we have 
said in Chapter VIP.' In fhese buildings it i‘s aJso nbcess'ary to 
‘avoid the coitstriktion of pan^ which are not true nuimbers of thf^' 
^rccil body of the building Tself. BalcCnie^, ornamentation of the 
walls, crownings or cojmigs, high chPiirreys, Towers of any kind, 
^intrance porches, caryatides, ayid anything else of that sort, ought’ 
to ‘^be suppressed. 
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UN*MONOLliHIC HOUSE? IN GENERAL. 

• -f 

Tlj^ repairing of old lK)uses for the purpose of giving them a 
form which is better adapted to resist seismic shocks is® generally^ 
not advisable, owmg to ^he jrlifficulty of attaching the nev? things* 
to the*old ones in such a manner that all taken together fornj a 
homogeneous elitlty. Experience proves that during ^n earth- 
quake the old and the new are torn asunder. * 

.^fwill be understood that a type of house like those of which 
we are speaking, even though they be constructed of brides (pro- 
vided that workmanship as^weli as materials are of tlfe vc/y best), 
presents a gdod guarantee of s(/iidity, the more so when it is borne 
in mind that, as we havg, already^ stated, ev?pn ‘ordinary building 
structures, if of good jpaterials and workmanship, will generally 
offer a remar kab^e resistance to earthquakes. 



CHAPTER X. 


GENERAL TEST CALCULATION OF A 
MONOLITHIC brick; BUILDING. 

< 

Vibration Periods— Statically applied Force— Test Calculat'on of one ‘Type of Houses 
— Conditions for M^iolithisin — Basement — Maximum Vertical Acceleration — 

, Specimens of Rasenu-nts of Reinforce! Concretet External Walls — Internal Walls — 
Floors — Tying and Anchoring — Windows and Do'^rs — Staircases — Roofs — 

’ Chimneys. 

Let us assume ^that the type of house we wish to^cal:ulate has a 
ground floor, a first floor, and attics, its elevation being’ represented 
roughly by fig. 39, and its ground plan by fig. 37. For simplicity's 
’ sake, v»i ’ shall include in our computation only the external circular 
wall and the weight of the floors and roof. First, we will have 
to find out whether the maximum acceleration will have to be 
undersUAjd as being applied gradually or impulsively, ^ > 

Omori^ made with fiis oscillating table experiments regarding 
J-hc periodi\of vibra'tion of cylindrical and prismatic columns whose 
height varied between i and 2 metres, while their thickness was 
from about 10 to 2^.. cm. fie found, as already cnentigned, that 
the vibration' period stood approximately in^ inverse ratio to " 
> thickness, and in direct ratio to the square of the height, of the 
column, both for massive find for hollow columns. For the latter 
^bne’s the external thickness isjpeasured. 

. - ^ F. Omori, Publications^ etc,., No. 4, p. 119. 
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A MONOLl-rHIC BRICK BUILDING. 

P ‘ •' -u 

Fr^m expe.riment.s maHe in Japan during an earthquake with 

a cjiiihney, it furthermore results that the vibration peniod of th^p 

chinwiey increased somet/hat with the incrdhsing^amphtudg of the^ 

vibration. Thus, with a chimney 5 -90 m. high, of which the square 

section had sidcS ,.f o-8i m., the mean period of vibration was in 



one experimcn. 0-55 second, and t^ie perirJ, of the maximum 
inovement wfts o-'Ss secoW (the -magnitude . 01 -the * maximulh 

movement at the top oTthe chimney was 90 mm.).. In an^the; 
case the mean period Vv?i^ 0-62 secoiid, while the period o 
. maximum movement was •o -99 , second (the magnitude of tjje 
maximum movement fet the top o^the chimney vas 1^2 mm.). 
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The conclusion to be drawn from these experiments is, tjaat the 
[Vibration 'period of the chimney in question during a great eafth- ^ 
■quake would be about i second. ‘ f 

The hei<yht of the house is not much greater than that 'of the 
chimney, while its thickness by far exceeds that 'Of the latter. If 
it Were admifsible to apply to this house the results of .Omori’s 
experiments' with columns, it would follow that ^ ts propter pptipdf 
would be about one-tenth of a second., At any rate, thefe can in 
this case be only a question of a very .short vibration period, and 
we may assume without further consideration that in the case of 
a destructive earthcj^uake whose period is from i to 2 seconds the 
force may be understood^as being applied gcail.rally. 

Let'us.now decermine this force /'"with refe»'ence to fig. 39. 
We assume the, permanent and accidental loads jjii the floor of 
the first story to be 330 kgs. per sq. m.. those on the roof and ihe 
'second floor 300 kgs., and we understand the force to be applied 
at 7 0.: ni. from the ground. The weight ot the orickwork is 
1600 kgs. per cub. m. 

Let us take 1 \, as thg weights of the three parts 

into which we have, according to the figure, 'divided the external 

wall, i,e. its section, and the total loads of the floon and the roof. 

We then have'. % j ‘ 

/> ^,0-36 . 7 ‘ 6 o . 27 r . 5-^0,. 1600 * 45^000 kgs. 

< = . 3'6o . 27r . 5-06 . t6oo ^ 22,900' ,, 

. o“'5-4 . 7*6o'. 2tt . 5’6o . <600 - 51,200 
100 . 300 ' . 3?>ooo „ 

. 5U2- . 330 * 27,000 ,, 

The greatest bending ' moment is acting upon tbe base, 
and the section of rupture will^ be thv. base of the solid. Let P 
^be the total weight of the house, and //, the diiitances 
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A MONOLKHIC BRICK BUILDING. 

^ • 

from |he base of the po&ts in which P, P^, . . . A Vill be 

applied. We then have : ^ 

A V''2 + ^4^-^ = 275,000 kgs? ^ 

I^h ~ P "I" P sA k A^4 "k ^ 

275 . .oV^= 10^(145 . 5^0 + 22 . 505 + 30. 760 + 27 . 360).'^ 

/i- 425 cm, ^ 

^Hipposing, therefore, that the house behave like a single 

elasiic solid, we call A the rea of the section of the base, :r the 
• • 
distance of the farthest fibre from the neutral axis, ^ the moment 

of inertia, the stresses in the two fibres of the secf’bn which 

are farthest distant from the neutral axis. We then have : 


4=Tr(^^2'^ • 50o‘^f= 2 J 0 . TO'^ 


sq. cm. 


M = Ph ~— 275. 10^^425. = 48. . 

^ ^ ^ 981 


. The moduivJj^^l^ resistance for one hollow ciiCular section with 
•external diameter jDoand internal d is, ^is is known, expressed b/ 


T . 1 P-P 
7 = 0-098 . 


In our case 


- = o'oqS - 


r 1 44^^ - 1 000 ' 


1144 


-6j. io'‘ 


Substituting in formula (7), we have*7 

Ai J 2 ‘() kgSi/.sq cm., 

(T^ and (To are bowi compressive^ stresses. Wc ha^b, ihereforef a 
strexigth which? is more than sufficient. ^ , • 

It ought i'j beH^bserveef thcH, b)i iK)t making aliowimce for tfce 
effect of the intern*il v alis of the house, it is not impos^iblir that 
we aro doing .sonfething^jo the preji^ice of the stability. That 
would certain fy be ^o if we had not in our calculation taken 
account of the weigh^ of the *^nd floors, anej^had only^con- 
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building" structures in EAklfcoUAKE tOUNTRIES.^ 

sidered^the great hollow column formefi by tlie external ^yall, as 
may be e^vsily derived from the formula (i), Chapter VI., and’wl^ich 
fs, besid^es, obvious. Ii’i fact, if we have a^'cylindrical ^r prismatic 
coliima of a given height, the bending moment acting up6n me 
base is, in our case, pro])()rtionatc to the mass ; \wl\7lfe, ou tlic other 
hand, the modulus of res’^‘jtance grows the more the nVa^ gets 
distant from the centre and nearer to the periphery, whidii 
tchat in the case of the house the inte/nal walls rcpre.setft nvitter 
less well utilised for the resistance to flexure. In view of the 
margin which is still left to us, before ancL (To readi the value 
of the strength of, the material used, we do not require further 
caldulations. ^ 

• Nor ^'ill there be, at 'least theoretically, any danger of sliding, 
becaust^, as )ve have s/:en already in Chapter VI.,^ frictional 
resistance of the brickwork is superior to the horizontal force 
<ipplied in every joint. Tb:s danger appears also smaller, if ItjVt 
borne-iiL, mind that, before an earthquake occurs, the '“mortar will 
have a certain time in which to get hard, and, consequently, the 
mortar too will ent,er into action (in contradistinction to what 
might hay^pen to, walls destined to support embankments of earth). 
A building "^ike that 'which we have been, con siejering would, 

r I 

therefore, be theorct.^cally well fitted to ’reiist eagthquakes. Let 
us now see, by going a little mote into details and examining the 
principal parts, how 've' can manage to make th« bt^ildin^ bdlave 
like a monolith.. , ' < ^ ' 

hasi'mentj — The l)ascnient must bcj so ^ laid down that it 
remains level; keeps the bases of the .walls well together; con- 
vefiiently divides the weight of the budding over the ground ; and 
distributes unifjPrmly the stresses which, during an earthquake, the 
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A* MONOLITHIC BRICK BUILDING. 

groun 4, transmits to the Wious parfs of the building, sq that all 
of ^hem are, as far as possible, strained in the same* manner^ 
When it is constructeef so^ that it will resist ^vell considerable^ 
vertical forces, it will also resist well the horizontal acceleration. 

As we have^scen in Chapter I., the vertical component of thf 
movem<^it dfiring the earthquake of Tokyo on the 2<lith June 1^94 
mm. If*we ih our calculation make allowance for a com- 
ponent rpm., we certainly anticipate a very st»'ong earthquake. 

..We do not think it iiecessary to take account (ff the. visible 
waves of graT^ity, seeing that beading on ground where they can be 
observed must be avoided^ •• • 

Assuming that li. '^period of a very jntense earthquake is 2 

seconds, the maximum vertical acceleration A would, if the exten- 

* 

sion of the verti ^jiLrqovemcnt be 100 mm.* be givori b)^ 


4. 3*14^. so , 

^ ^ 5*0 nim.^ 


The maximum vertical acceleration would, therefore^*' 5 fe' 500 
n.T)., and that is not very iniportant in face of the acceleration due 


to gravity.^' We put it down, without other t:onsidefation, that 
the reaction of the soil is ecjual to beint^ the wadght of 

the building. ^In so doing we proceed as is usual in constructing 
ordinary building^ when they^cVe subjected to^* dynamic load.' » ^ 
When the j^found ,is very S(?liJ and copij^ic^, and when no 
surprises are toTc feared in ^ses of earthqujiJrf's, onejiight even, 

* 1 It appears that, thoilJtL liie horizontal and the vertical movements of ai earth- 
quake generally have the ue' period, it is rfbt necessarily the Case (Dairoku# 
Kikuchi, No. * •• 

^ During the earthquake of 1891,, it seems that the maximum vertical accelera- 
tion was, as we have seen, at Nagoya 8o*«^m./sec.“, and at Gifu about 950 
mm. /sec.- ^ 


8 $ 



BUILDING STRUCTURES IN EARTHQUAKE® COUNTRIES. 

relying, upon the margin left by the 'safety coefficient ^hich is 
(generally' adopted in building, calculate the reaction of the,, soil 
equal Vo P, It, is, however, advisabje t6 be very outious in so 
reclucino\the strength of tlie basement, because the latter^ is the 

> ^ * . . * . * c 

best guarantee for the solidity of the building. *■ ' 

As matcr^^al for the construction of the basement il will*' be best 
to stick to reinforced concrete, and inasmuch ar, 'for its calcukition,' 
it would be necessary to enter into details of conslruciion which 
are nou.withcn the scope of this work, our readers are referred to 
special treatises on the subject.^ 

* We shall oniyr^say in general th^u the basement must be 
calculated and constructf^d like a reversed Jk. Jr, /,c. the slab itself 
must be laid out flat on the ground, with the secordary and principal 
ribs on^top. k rnuU, ^in fact, resist the rei^ictip^ o; the ground 
directed from the bottom to the top. 

C - ^ ** 

From some instances'* which will be mentioned later it fesuks 
that'llv^ thickness of a basement will in actual cases never assume 
exaggerated values, and that, therefore, the use of similar found*:- 
ti(3hs is most advisable. 

On a o;eneral basement were founded"' the corn maga.zines 
of the harbour of Genoa, which are consitructed,- of reinforced 
concrete. v."Pl^at ba^sement consists/)^' a soft of liiiversed floor, and 
is composecUcf general f)undation slab 25 cm. thick, widi 
secondary ribs of J5,'by 25, cm., distant from ^each other (axis to 
^axis) 2*6^6 rfi., and with '^pi incisal ribs of 7^5 by’jo cm., distant 
^from each. other 3 m. (also axis to Axis). In tins manner the 
pressure on the soil is -reduced to kg. per sq. cm. 

^ See, for C. Guidi, op> cit. 

** * “ C. Guidi, loc, Cit, P- ' 
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In^fjie basement of the^Sampiardarena mill the thickness of the 
fouijda’Uon slab varies from 20 to 30 cm. ; the, ribs on Hop of iy* 
protrude to ? height whfth teaches 90 cm. *in correspondence with 
the ba§es of the pillars. In the building of the corn magazines the 
pillars stand at di'J^iances of 2*50 m. from each other in one direction, 
and of%3*50*m. in the other, and the maximum lo^vl transmitted 
Ly th^ basement 40 the ground reaches 2^000 kgs. pcf sq. m. 

A^so Adhere there is no danger of earthquakes, but where the * 
ground on which a building has to be erected is friablcjiwhil^ under- 
neath it at Considerable depth there is compact soil, it would be 
advisable, from the point view of safety, Replace the foundation 
upon the compact^ ^and that can be dejne very well by lines^of 
piles of reinforce-^ concrete, upon the heads of \^hich the basetfienf 

would be placed . • • ; • 

"This kind of Ibundation has been \ery widely adojlted duri.ig 
last few years. Thus, at the ' prmcipa!^ railway station at 
Hamburgh 5^0 piles were rammed, unto the ground. 

.■^ere*from 5 to 12 m. Jong,^and 36 cm. wide at the sides, reinforced 
at the angles by four irons 25 mm. in diameter, and bound by 8*-mm. 
wire at distances of 2^ cm. Every pile that was ^unk was able to 
carry a load ( " 50 tons. - 

At the new 4-ailway stati^^? at Metz 30(X, pileS'oC reinfoj^ced 
concrete, and wirii fiexagonal or |)e#tagonal sec^ionsf were rammed 
in. p:^es^\eiii from 20 to 16 nj. long*^\.ith sectfons of from 

j^ooto 1600 fq. cm., md they ffoulc^ 5>Upport iii* allrsafefy from 5^ 
to 65 tons each. - ^ • • 

Thc*construction on lip^ of piles Slwik through loose ground 

until the solid ground Iras beSn reached will obviously be still mone 

• • 

• C. Guidi, /Tfc. cit, p. 33. 
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advisable, if not absolutely necessary, if one is compelled f,o build 
^jn seismic regions^on similarly dangerous ground. ^ 

' WMs , — It advisable that the external walls should slope 
at^thc outside. So, as they are generally built at present, with 
steps towards the interior at each l^oor, the Ihie of direction of 
the wall does^not pass through the centre line of the' baso^, but is 
rather pushed to the outside. This is not good for sta’bility,'' 
because the wall can more easily be bent or overturned al; the side 
which free Even if it is not consideied convenient altogether 
to abolish the steps to the inside, the disadvantage connected with 
them can always ba^jorrected by the outside slope. 

^ At the angles the w^^lls ought to be united between each other 
Dy ifLi ge curves of Union. 

The jnt'crnaL walls must not be merely united with tne external 
walls by being placed against them, but they must be so con- 
structed that they all form one piece with them. ' ^ r 

1 walls ought not to b'^ weakened by'chimrity flues, etc. 
The latter must be arranged so that they correspond withTHu" 
curved parts of the walls, which assume the form of large pilasters 
(figs. 37, 38), .These pilasters may very weK be left hollow, .v 
Floors , — The vertical component of tshe seismic movement will 
have the effect of making the floors vifcr^itC. Miicli^account. however, 
need not be taken ^)f that in the calculation, paAly in virtue of thei»' 
safety coefficient alid ^partly, owing to the small importance gener- 
ally possessed' by .♦he vertical coniponent of the mo'^ement 

It is advisable that the floors should be very light. The beams 
(of iron) must be very v/JI imbedded in the walls, and some of 
them must act as ties by protruding outside the walls. The» boltS' 
must in that uase be very long. ’ In order to have ties at angles 
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of 90° ^^between each oth^r, the beams of one floor ought to be 
placed at angles of 90*" to those of the other. ^ ^ • 

Vaulting must be absolutely avoided. • ^ ^ 

Tyin^ and Anchoring solidity of the house ought as a 
rule to bo guara-Lteed by a^system of solid iron ties placed, for 
instancy, in rfie following manner : — At the height of |*ach floor and 
K)f,the rodf there* itiight run in every wab/'a tie, and :he heads of 
the ties 111 every wall might on both extremities of the wall be * 
united together by meanj of a vertical bar which wijuld act as a 
common boll 

ll'the external walls end in large curves oi jjnion, it is advisable 
to run ties also aloii^ the latter. I 

Windows an(h Doors must be as few and as small ''s po^sflSlef 
in order not to ^.eaken tho walls, and eacl; one .ought to be sur- 
mounted by a full-centre arch of vaulting. The doors ought, hr ^ 
the sake of safety, to open to the out^ia«. • 

Siaifrasc^ ought to be, wherL.y£j possible, winding stni/C^es, 

•!'nd Tn any case they ought to have the steps well imbedded in the 

• * 

wall* on Loth sides. , • 

J?oo /. — The framtework must form an indefonjial^le wlTole. If 
a rool-truss C any kind Ivis to be coiistrucfed, its siilgle parts must 
be rigidly jojncv^ together. JHie woodwork must ‘Ife ^bound ^and 
tied as shown in-fi)^s. 2 a and 27. . The roo^ rnust i*Cc weigh heavify 
on sbme*p'^inis of the walls, but it^ weight must be distributed 
(jyer their whole length. That^can*be done tty makirf^ a framh 
of beams run on the^cr, st of the wallij, and fixing th§ roof on to 
them. ‘In this m'anner jdie rigidity •of the roof will also be 
increased.* • * • 

The roof coverings must be as light as possible and. fixed to 
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the frame. Among tHes, those called ‘I Marseilles tiles” piust be' 
‘ recommanded. ' 

* * f 

Ge^ieralJy, hpwevef, those houses fof wliich we^have recom- 
mended s^mall doors and windows and no balcoi^es, and the*incon- 
4 siderable height of whiejj admits of the upper pftrts beifl^ reached 
by» mounting (Only a few steps, might very conveniently be ^covered 
by a larger terrace -roof, ' constructed, of cour<>e,J)f light, though 
strong, materials. ^ ^ ^ 

Chimneyi ought not to be raised aboue the level of the roof by 
more than a few courses of bricks. If it is necess^try that they 
should be higher, t^' part protruding above the roof ought to be - 
made of galvanised iron^plate. "Chimneys ch^^J&t, as a rule, resist 
'ea?o..;uake shocks; even if the latter are weak, and they break at 
the base. , 
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CHAPTER XI. 

* ' 

* SOI^E N6tES ON THE CONSTRUCTION 
OF -MASONRY. 

* 

Use of Bricks — If se of Ston«b — Quality oi«'ai* Bricks —Japanese Bricks — Mortar— Fresh 
Water — Kivcr Sand and Sea Sand- Lime - Mixture of tire In^^redients— 

Cement — Season fo|,l>uildin^' -^’recautions — Interruption niTd Resumption of Working. 

^ 

• 

Without in the least wishiiv^ to lay down real Scandaiii 
few hints rec^ardiri^ those points upon which the attei^tion of the 
builder ought to bc^chiefly directed "vill not be out of 
rfjmarJvS being limited to the use of+)r!i:ks ar. principal material. 
The use of sv^nes is not, in the authors opinitfn, advisable, uuiess 
ftre blocks speciah) squared in order to admit of being fitted 

into •one at-other for be'\;ter resistance to shearing stresses. At 

• • 

any rate, thdir use always entails the inconvcniciR:e df a -^greater 
weight^ ’ • * 

As a mattdi* J principUj i^njust, furtHer, be, plaiid^ understood 
that to increase tJiD thickness of a wall is by^no a remedy 

against* the breai.down* of the material, because by an increase of 
the thiclcness^the iTiass is /ncr^aserl, «ncl consequent! also the 

9 W 

force applied by the fiarlbquake. ^ * 

The.bricks musfr be burnt first to t^e ri^ht point, because, ii 
over-'^urnt*, the mortar .does not adhere to them, and in building 
structures of this ’kind^the adh^qdnee of the matef^ls i§ of sht 
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greatest importance. I'hey must have fough faces, and when they*' 
r are macf^ with the wire moulding machine^ (and not in sanded moulds) 
p^they must be purposely ribbed, for otherwise" their faces woulci not 
be sufficiently granulous. * f 

" For the upper parts of buildings, the use‘H)f hc^how bricks 
se^ms advisjible on account of their lightness. C^ire must be 
taken, of course, to avoid the mistake that, owii)^ to an excess! 

, discontinuity in the structure of the walls, the house should 
ultimately consist of two monoliths, one placed upon the other, 
instead of forming a single entity. . 

The Japanese .advise tlie employment of bricks of such , 

thv4 they can be imbedded into each other lii order to render 
* hu^r^'^sible any slipping out. Tlie bricks are keyed to one another 
as in hg. 40, according .to Milne.^ 

The mortar must be prepared with clear and chemically pure 
water. With lime the use of sea water niust be avoided^ Qli . 
the other lumd, there are cements which give good mortar with 
salt Writer. ' * 

The best sands are those t)f siliceous nature; they ougnt tc be 
coarse-grairicd, the single grains to be large and sharp-cornered, 
and not of reunded cen'tour. Furthermore and above all, they 
must be purci; i\c\ they must not contain earth or be mixed with 
Organic subst^mces. ' River sands are very good. Sea sands 
ought, befo'i'e use, .'■o be freed from their salt contents — feft a long 
time expased to the air and vyell v'asHed. ‘ ^ ' 

Good lime ought to be used, the bfe^ter 01 hydraulic ; and the 
‘mortar ought to be prepared from time to timu, so as to br always 
I fresh when used, ie, before it begins to harden. Mortar pught^ 

M)e Mont jssu^^/yc. aV., p. 479. 
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not to be hard, especially ^*in summer time ; the bricks abSorb so 

much t^e rnore% water, teethe advantage of a firm setuftg. As 
regards the mixture of tlje ingredients, ther^ shduld be about 30cf , 
or 350^ kgs. fiydnfjilic lime tb the cubic metre sand for open-air 
work, and^ up to»jpo kgs. for masonry under water. A mixture*of 
ordinary lime and puzzuolana may also be used with aJvanta^e 
in pr^jjaruig moKar. This was done by t,hc ancient Romans with 
the b«st re^sults, as fs uriversally known. 



^ Fio.. 40 - 

• Clement mortar g’ves tne greatest rigidity and sifength to 

.1* • 

ma^iojiry. Mixtures ot c^nlent, lime, and sand also give excellent 

►results. But# the cost^of cement and the great difficulty experienced 

in its ^se med^e the latter not so extender! by far .^s tile use of 
# » 

lime, at least i#i 'lalv. . * 

* ^ • f * • f 

It inadvisable ii(>t iv build when the weather is either tooliol 
efi' tog eol^, as l^ie moftar will not adhere wery^^well. #In summer 
•time the 'walls m cefurse of .Construction ou^^ht to be, possible,# 
protected by mattingf o^ w^tcr ought to be poured over then> from 
time to time, so thaj^they do not dry too quickly. In winter time* 
the upper .parts *should be covered as a protection against the 
inclem<;ncy of the weather. 
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Sl/metimes it happens that a building is hot constructed at a.' 
. stretch,' but with one or more interruf^tions and.' resumptions of 
^*the work. In thflt cai^e it is above all neqessary to manage in such' 
a way that the new is perfectly well a'ctached to .the old ; otherwise 
the seismm solidity of the building would be gfipely jeopardised. 
On resuming the work in such a case, the old plaster and mortar 
ought to be thoroughly , scraped off the surface of that part of the 
^ already erected portion to which the new additions have to be 
attached, and, after thoroughly repairing all defective points 
on itf'^he surface should be covered with a coat of liquid limt 
or cement. 
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CHAPTER XII. 

' . *014* STABILITY OF AN ORDINARY 

t I-JOUSE DURING AN EARTHQUAKE. 

‘ * • 

How the Housf is affected— Every vibrates on its own Account— Ex.iniples— 
Cracks and Ruin — Houses ruined by the la.st Earthquake in Calabria — Rupture Line 
oT^e Walls — Stability of a House, of the Junctions bci\\®%n its Parts, of an External 
Wall — Stability wiT> regard to the Heigltt of the House-- A P>uilding at Nagoya — 
Stability and Maximum Acceleration— Criterion of file Stabili ity of a House. 

I'liE result of the; calculation made in Ch.apter X, Is important, 
because it proves tKit a house which behaves like a *mouoJifh 
Cannot, generally^speTikine, be destr#ycfl by 'm earthquake, Let^, 
us iiow see an ordinary housd resists the Action of the seisifiic 
•Tor^tfS. 

» Before all, it is certain 'that such a house in an earthquake does 
not behave^like a rponolith, because, if it did, it wt)uld^ not be 
damatjed or ruineci. The house will, on the coiurar)^ tend to 
divide itself iift^ several j^arts, each of wKich will vihritte on its own , 
acc^unf. There^will ceUainly be shocks betv\^en J;he various parfls 
vibnUitig* in dr cord, especially in the upper^astories,* where the 
vibriitions are of greater anjplitijde, and theliouse \>’ill disintegrate 
more and more ; ifnt lisijfitegration will take place along Imc^ of 
weakness and acegeding to the direction of the seismic force/ 
■Generally teach one of t]ie waUs will vibrate on its own account, and < 

floors as wHl as roof will do the %a^n% 

I 
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Taramelli and Mercalli ^ mention the pse of a house at Oneglia 
c of whicli' ^hree ceilings fell down becaus^t the walh, by vibrating, 
ffeiled to support them <yiy longer. The house was thus converted 
into a sort of well formed by its "'external walls. Numerous 
aniflogous cases were observed during the earthc^if^ikc y> Calabria* 
anc] Sicily in ^ 1908.''^ Omori observed, as we have; seen, that 
the walls of the Engineers College at Tokyo' acted* lik6* re-, 

I- t s 

f versed pendula, and those of the Museum of Natural History^ like 
springs fasteiied at one end. The great majority of common walls 
will vibrate in one of these two modes. The resistance of the walls 
is, therefore, of greater account to the house than that of the Jxs 
and the roof, because it is the former which s’jpport all. The 
rrf 5 L " opoduced by the floors and the roof u})on the walls is that, 
by not vibrating synchronously with them, they tend to ruin them. 
Omori attaches, in fact, great importance to tne action of the roof 
/in the destruction of brick buildings. 

.0 , 

^hinder the actiort of an earthquake the various parjs ol a hodse 

.<n . .... 

thus begin to vibrate, and by repeated sho'^ks in various directions^ 
by being jolted against one another, by^ poi^sible subsidences of the 
ground,* etc.; they will be separated from each, other, ar.d the house 
will crack! I£ tfic seismic action continues in sufficient strength, 
all or some par,ts of t,he house will be destroyed. * • 

* We reproduce here some photographs from the disastrous, 
earthquake -‘n Cal^tbria on the 28th l.)cccmbcr 1968. According 
to our opi^iion,, diese ‘ photpgraph,s, regarded 'jointly, can give a 
sufficiently clear idea of one of the mod^s in \^hich the destructioa 
bf howses seems to occur. \ 

■ , 

1 De Beiirage zur Cieophysik^ vii. p, 195. 

^ pmori, Bulkiifi, No. 2. ^ 
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Of THE STABILITY OF ORDINARY HOUSE. 

' In^-fig. I. of the appe^ided plate it is seen thc^i by the seismic 
^ shocks and by the jolts ifeceived from other paft^ of the* buildings ^ 
an external •ivall Jias been detached. If flie action of th« earth-* 
quake* had continued with sufficient intensity, the wall would hjtve 
V..a destroyed. ' ^ • 

rig. II- of the appended plate shows an extenfal wall wliich 
hes been destroyed. 

Rrom*fig. 111. it result.; that it is not on account of the roof* 
'■^that the house is destroyed — a fact also shown b)^a great 
» number of jtliotographs which Ve cannot reproduce here. 

• It* is notice;Ablc tha4 very often the Halls of a hm^re are 

• * • 

destroyed, either at half their height, or pise completely or almost 
completely, whiii! another part uf thv^i same 'house may^remain 
standing uudau^ged, k seems impossiblei gent 5 *all)^ to,^ attribute 

to the roof a similar destructive effect, even if the roof is wholly 

* • • p * * 

• jiufiially destroyed. Durhig an e^rtnqilakc ijie various parts o^ a ’ 

^hou c have, therefore, a tendency -jm disintegrate and^^hen to be 
a(?stroyed. ^ ^ 

* Inasmii*'h. however, asi» before being destro^’cd, th^ar^i gener- 
ally .Ksirtegrated froVi each other, each one will 42^0 to cjestruction 
vibrating as .fit stood alone. That may explain how the rupture 
of the external wall in figs. III. occurred af*the heigt^t of 

9 f ® 

.the f- -St -door \yndow^. • / • • ^ 

In facL, as wu have seen, we««»have here columns whose 

• • * ' ^•..r • 

vibration period is, sufficit^nlly *long'’ and the seismic force must 
be understood to ha. j Tjeen apjdied suddenly. The point o£ 

m 

^ maximum slress^dhd, therefore, of ni[Jttire is, in that case, theo- 

• retic^lly proved for v^’alls of (jon^fant thickness to be at tw^- 
thirds of their height, tend for w^rllsVjf triangular ^ofile’to bS at 

1 . , 




one-half of if. ^Ordinary walls of a housp have a certain thickness 
^Iso at the top, but they are thicker lit the bottom; they, are 
^ therefore intermediates between thes^ two type^ The section of 
the wall a^- the height of the window sills on tH^ first floor' is the 
weakest in the vicinity of the theoretical sectiob of rupture, ^le 
wail must, th^jrefore, practically break there. ^ 


Sometimes k happens that certain high walls are destroyed 
down to the bottom. That can be explained as follows :-t-The 
wall brj^.aks first at about two-thirds of hs height, and once it is# 
broken, the part that has remained standing' assume?? a vibratioa 
period -ef its own v/i.ich is so short thjt the seismic force may 
be considered to be appljed statically at its centre of gravity. .Tf, 

ifif 

therete’e, the earth*quake continues, the second rupture must take 
place at^the^base of tfie <vall. , 


It now remains to gain an idea of the value of the stability of 
a house which does not bcliave Hke a monolith, \.e. of an orclii\ary 
house. • ^ ^ 


That stability generally depends rnainly on the manner* in 
which the walls are joined together, an the lack of •synchronism 
in the vibratipn^of the various members of the house, and on the 
stability of tlie walls themselves (cases* of displacements of the 
groqnd or of Ihe foundations being *e:*dudcd). # 

The stabikt)? o( the walls easily calculated, f^^ot so’^the 
resistance ^of the junctions of%the walls, which ^ct favourabjy to the 
stability of the ‘hou.se, or th*e\^ffecf of the lacl^ of synchronism in 
^vibration, wiiich act in the. apposite direction. 

We only observe that*ttie maximun^amplitiM^^of the vibrations 
a| the top of a column increases with the fncreasing height "of it, 
arid that; the fhore ample the^ vibrations arc, the less resistant will 
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be the^junctions in any pjjint of a building, and th<^ more powerful 
the^.efrects of tlie lack €>( synchronism in the j^^^ibraticJns of its* 
various parvs. ^ ^ • 

On the otheif hand, with the growing height of j.i building 
ih^rgases also tfie importance of the junctions of a wall to the. rest 
of tpi building jtself. The total effect of the lack Jf syiichronflsm 
bet\^een the vibration of the wall and that of the other parts of 
the house iii contact with a also increases. ‘ 

In these circumstances, and after what we have mid about the 
mode in wlTich a house is defaroyed, the supjiosition is naturally 
that fli an ordinary housc^the cffec't of the resi^t^nce of the^isrXions 
aQ^l that of the lack of synchronism ii> vibration might, at least 
within certain liirats, neutralise each other, find that ^lle siibility of 
the structure uj,lhe house might be considej-ed ecfual/.o tjiat of the 
main wall itself which is first destroyed, t.e. that of an exteruj^ 
the external walls being those Vhich, the resistance itsefr 
bei- g equal? are most easily destro}ied. ^ ^ 

• *Let us now consider case menuoned by Omori,^ viz. the post 
arte! telegn^^h office at Nagoya, destroyed by the earthquake on the 
28t!>'Ortob(‘r 1891.* 'Jhat was a two-storied brijk pudding, and — 
as fiir as ca.i be judged from a photograph — the Examination of 
certain details stows that |iie» height of its x^xterfiM w^dls was 9 
nff’tr is. Thc’^rUpture of the wa^f^ occurred, aj)p.frently, at 5*50 m., 
the* height 04 tiie first-floor windowc^. sills.* Ftic thic*lvness of the 
wall, considering the. dinunsiofls ofrjapanese bric^ks, Was probaoly 
45 cm. b'rom the ph >t(fgraph it fui;|:hcr appears th^it the empty 
spaces of the ^^.indows jvere in length about one-third that of 
the •wall: 

F. C^nori, Puhlicdttioni^etc,^ No. 4, p. ii.^ 
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The direetiAn of the earthquake was »ormal to the ruined walls, 
* and, from measurements taken, resulted A = 2600 mm. per. sec. 
per sec.^ . ' ^ ^ 

^ If we falKa the stability of the above wall, wt get from formula 
(2), iJubstituting and taking 7 ? = 3 kgs.'/sq. cm., i ^ 


45.081. “i 

/: ■ d / ^ x‘>=340* 

2 . 16. IO~^.(l2. 175)- 


Making allowance, regarding the nesistance of the section of 
the wajl, for ^\\e empty spaces of the windows (we ought really# 
also to make allowance in the calcuKition for the bendihg moment, 
bu{ 'cir’''V*s of less impi^rtance), we find th^n the moment of ibertia 
for ‘tne 'section itself must^be reduced by and, therefore, the va^lue 
Tound a by the s'ame quantity. The result is therefore : 


a-340.-^ =227, 


^ « * • * 

‘ wWch means (t = 2270 mm/ per sec. per see. * , r 

This v^lue of a would be 'mry much like the true'oi.c' also as^ 
regards the stability of the building, but is merely hypothetiWii. 
At any rate the truc«*value of the stabilit^’^ of the house ^niust be *of 
the same qrdef, a,nd we shall conclude by sayiifg that the resistance 
of a brick house may, by \\ay of gross approximation (except the 
case pf simpleMestrubtion of the rdbfrwith its c</nsequences, and 
except also geue^ally those cas«s\of partial ^desti*uftion in which 
the framework of tlie house remains standing intact), •’^e re^jced to 
that of one*of it^ external wall?) sepiratety considered. t 
^ I his — taken for what it i« worth — w^'uld be a mode of obtain - 
ing an idea of the stability 'Cfi an ordinary house i^i^an earthquake. 



CHAPTER XIII. 


Gl^ERAL TEST CALCULATION OF A MONO- 
.LITHIC HOUSE REINFORCED CONCRETE. 

Particular Case —Graphic Calculation— Maximum Stresses of the Concrete and the 
Irofi — General Hints regarding Con^^truction — Typical* Precautions up 
wiAi Masonry. % 

, * . U ' 

Let us state a splicific case, assuriung that the houi.< has ^square 

base and that vertical section is represemted l^y 41. The 
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width of the ext^nal walJjB is 18 cm.,>a?nd they are reinforced by 
iron tods* placed vertically (Lars of resistance), and by round irjn 
rods placed .horizontally (bars of ‘dfAribution), whidh latter w» do 
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BUILDING STRUCTURE^ IN EAR'|HQUAKE COUNJTRIES. 

not consider h^e. The floors as well ap the roof have a%lab of 
^ ^ cm. thVknes^ c|,nd ribs ; their overburden is 300 kgs. per sq.^ m. 
*The weight of reinforced concrete being 2500 Jr.gs. ^er cub. m., 
thq actualf weight of i sq. m. of flooring or roolii^, including the 
ribsfwil] be about 300 kgs., and thus the total \ielght of floor^and 
overburden w^ill be 600 kgs. per sq. m. t * , ■ 

If we ca^l Pi the total weight of the external v/alls, and assume 
* the length of one external wall to be« 10*40 m., measured at the 
outsid^ we ffave : ♦ « 

J\~4. io. 22 .o’i 8 . 10.2^00= 185,006 kgs. * 

^ \ * 9 

Ti f 2, Pq, /\ afti^'the weights of th» floors the roof, we 

§ 

have : . • 

^ P^ — about 1 00 . 600 = 60,000 kgs. 

For ithe* saRe of rsirnplicity we shall in calc\*lation omit the 

^J^nternal walls (which really ^are of service in stability, not onl;^ 

di^pctly as supports^of tlie floors, but also indfrectly as ties 

tween the^'arious parts of thrtiouse). ^ ^ 

If we call P the total weight of the^hquse, h the height of 'its 

centre (j^avity, ^1, Ih, Ih, /h the heigiits of the points in winch 

/^i, /^2. A ^Wked, and taking intoriccount the dimensions 

of the house as they result from the figure, we' get : 

! • • • ^ • • 

• • " ^ A + 365, 000 kgs.. ^ • / 

/% = 365, io 3 . ^=110^60(260 + 630 -f 9^75)+ 185. /ocj]=: 10^^5,500 kg.^cm. 

• • • ^.^560 cm. , • • 

Analogously to»what we Ifave .said in Chapj;er X., ^suppose that 
to the centre of gravity of this house, which behaves like an elastic 
body of one single piece,* ftiere be applied gracTtolly a horizontal 

for je equal « being ^^4960 mm, per sec. per seo., and 

idb 



A MONOLITHIC HOIjSE OF. REINFORCED CONCRETE. 

direct«l from right to lefj, parallel to one side of Ae house. The 
force resulting mom the v«rious forces acting upon^he hodse strfes 

*lts base in a* point X distanfby > 4 -^ = 225 from the centre bf mag- 

if ^ ^ D 

nitude of the ^ 

fig. ^2 the i^eciion of the base of the extenin.J walls of Ijalf 
the 'house is represented, the scale of reduction being g to 128. 

Tihe section* may oe considered to be strained by a vertical 
eccentric stress P applied in X. I his stress is, indeed, equivalent 
to a vertical force P applied y’n G, the centre of gravit/-“of the 
base, ^nd toji couple of moments /V, d being =6X 
jg !L-li and consequently it is apparent that the section oi\he 
base of the house is strained by liie weight P of th.; house itself, 

anti by the hor?«)ntal force of the ea.'thqutke /* _ applfed at the 

, • ^ ^ 

height h from the base. • 

'divide the section of the walls-joto so fiiany “ btmds ’’ of the 
at»nfe size which are normal to the axis of stress and to their 
cetifres ot .gravity. Xpfjjy' forces proportifinate to^ the areas 
reduced at ‘the bas® « = 50 cm. The sections of tffe rods must 
be intaginec. to be ooncoiitrated in poinJts*distant l/J}- 1 metre from 
each other, ^nJ Ae sectiOni^s® obtained have to nipltiplied by 
the ratio between* the dnodulus^J" elasticit'_ *ot %h^ iron and th*^t 
of the* coi.crg.e (ratio which we ma^ put'dotfn = ifi)^ then they 
l^ve t*be ^duced tu‘thr*base a, aiad to theif centres of gravity 
forces proportionate t- tlfem have to Jpe applied. , ^ 

At the right ^nd in t^ figure thesline of the forces is marked 
From o fo 1 2 are marked tlie forc^ relating to the sectidns of the 

' C. Guidi,*fcc. |V., p. 88. 
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A MJ>NOLltHIC HOU^P OF REINFORCED CCfNCRETE. 

‘.irons, smarting from the ri|ht and going to the lef|. From 13 to 
^24 are -marked tile forces corresponding with the bands of.toncrete • 

JfroA left to right, * t 

^ • • • • • • 

Let us suppos(|that for every metre run of wall there are 7*5 

cm. of secti(fij |)f vertical rods, and that the four corners 5 rc 
reinforced e^ch by 12*5 sq. cm. of iron section. Thf^walis normal 
,.Jto direction* of the shock and placed vertically iii#the figure, 
repreiepL each one band, in each of them the section of the concrete 
is 18,700 sq. cm., and that of the iron reduced to coijprete 10,000 
sq. cm. ; the:^ forces representing iron and concrete have the same 
point application. 

For every ho?i/ ntal band of wall wc have 1 81)0 and 750 sq.^i. 
respStti ^ely —figures which we have doubled • in the j^gram 
because the br’ids of the two horizcmtal w^Uis correspond with each 
otlfer, and thus tTie figures resulting from the diagram str nd each fiw 
rt couple of bands.^ • ^ \ 

* There is^ further, constructed rolatively^to the pole P tfte 
fejriitular polygon of tnese forces. ^ 

,(s)n its first side ad ts V> be marked X', in correspondence with 
K, bdi’ kiA)wn ^ th^t, by drawing from the point iKe^traight 
line }% d so t* at the latt*erjs the line of etj^alisatmiiAfcgaVding the 
funicular polvg.)n abed, the^pgint d de*tertn:;ics ^losition of 
thp-j nefltral axis.V. The funi^lar polygofi is to be 'sub- 

st.itutecfbc the^»‘'oKenlline of equalisation amiuM The«area of that 

^ • •• 

polygoif ' will, thereiure', be" *eqval to ^hat*^ of •the tri^igle mbn. 

Then d is *deternifnf 1 ^ that—rt^^ being the line of equeflisa* 

# * 

tion regarding the "polygon dc — the ^rea X^dq is equal to the 
area pibum , * • 

^ G. Gujfi, Lezioni sulla Saenza del!^ ^^sfruzioni^ Part II., 4^) ed., p. 124^ 
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BUILDING STRUCTURES IN EARfuQUAKE ‘COU]S[>TRIES: 

, ' , - ' f 

In our case(the neutral axis lies outsif e the figure. Thajj means ; 
that the'^^rein forced concrete which forms the walls>of the house is , 
V subjected t!o' compression. If we call o-q the mean unitarv'- 
pressure to which the concrete is subjected, aiic^ ^ the ideal area, 
i.e\ converted into concrete, of the horizontal se(>tipn of the externaf 

f 

walls of the house (a compressed section), we have 


or also 


a 


P 36:;. lO*' 

_P _ 365 . 1 o‘‘ _ , 

a\f ^ ' 



f Represents any one the forces 01, 12, *etc. If we draw 
(To corrr^ponding to' the centre of gravity of the section, and bearing 
in mind fhat^tha pressure is nil corresponding to the neutral axis, 
and that it increases lineally by moving away from it, we get the 
‘ ^diagram of the pressure of the concrete (in the figure every cm. pf 
ordinate corresponds with i '2 kg- of pressure). Mrltiplying the 
ordinate of that diagram by 10, we get the pressure on the iroil. 

We have here:* , . * * 


Maximum unitary pressure on the concrete, 5 ‘3 kgs. per 
sq. cm. , < 

. Maximum unitary pressure on the iron, about S3 kgs. 

per ern, ' . f 

< ( 

( This sljows tlia^ the maximum ^stre».j:es on the concrete and on 
the 'iron to which the house is subjected are by much inferior to 
the margin of safety, and thus there is a vciy large margin for 
r bther forces which have not been considered by us. By .havipg in 
odr calculation^ omitted the iii'vej'nUl walls, we have possibly., done 



A M^NOLKTHlt: HOOSB OP REINFORCED C9NCREJE. 

* something to the jSrejud^e of the stability ; but jn view*oT that 
^ large uiargin th|re is no occasion to take any notice of^shat. A 
^hoii^e planned like ours^offers, therefore, ^favoarable chances^Ji^ 
resisting earthquakes. * * * 

• In its gcner^®^pplicatiop, what we have said in Chapter ^X. 
hold>also good fc r building structures in reinforced (joncjete, oi^y, 

^seeiflg'tbiat in file latter we have a much more suitnljle material 
tlian jDi masonry, it admits of less compact and higher forms 
of ho*uses. * ^ 

We have assumed thlt the house was an elastic solid subjected 
to flexure, and we have neglected the shearing strain. Thc,n is 
permissible, amf^we refef in this Respect to^Cik Bach, 

6th edition, p. 422 and* following ones.* There 
it is shown that the shearing strain may be neglectcr! in view of 
th^ flexure whert^iiver (as in our case) the pokit where TP iS applied 
distrxnt from the ba^e of the house iy)l much less than one fourtii'^ 
•pLiFt of the diameter of the section of the hoi^se, if that section -is 
^•^ircuiar ; or, when tht section of theliouse is rectangulfti* of height 
h, itjs sufficient if the di^ftance of P from the base of the house 

• be A The house *is then considered to be a solid %xstened 

at the^hase. • • » * 

By a correc mode of construction it w’M then be easy to unite 
rtj^idly the various 4)arts of tnt heyse, t.e. the "^alls to the basemen^, 
the and rooi' h) the wiilts, and tlje ^a^tfcr Hietween each 

• other. /It is atlviscAle rhatic^ei^ parl*of ths? house shouW be mad/, 
or reinforced^oncreje, ( Kqjuted, of course, with all due care. ^Thus, 
caski must be taken Uiac expansion joftits are left in the external* 

^ wall', which, owirfg to theif exp^s*ed to sudden changes of 

tempemture, might otherwise emetew ^ ♦ 
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f' I 

The mass qf the reinforced concrete (jvhich' forms the building 
ought to. be reinforced, so that its various parts the walls) will 
^,b'?iable to resist stresses in their longitudiinal direction also. 'Thq 
floors must unite the walls between each other Vigidl)% and ^there- 
fore they bught to be specially reinfoi;ced with ^a^uiew to the task^ 
intposed a’lpop them. The same applies to the walls at their 
extremities^ 

^ Any possibilit^y that, in the course of the operations, between 
tli^ fiiimg in of one layer and the next tilling in, the various layers 
of concrete should not adhere perfectly together, must ];>c absolutely 
ayoided, because such an occurrence would jeo])ardise the principle 
ofjlie monolith, v. liich is the basis of this mode of construxtion. 

, The old surface, after being well washed with cement-wa^^K must 
be sprinkled over with small bars of iron and then covered with a 
light layer ot very rich cement mortar, after whi^n the new con- 
t Crete ought to be well ramm xl. 

' Generally speaking, care ought to be taken mat me mateiial 
used as wtil as the workmanship are of the very best. In. the 
following chapter we reproduce the [^trndard Rules for the 
ExeaMjh of Works in Reinforced Concrete adopted in Italy. 
That, betlcr tfjiaif any other explanation, will serve to give an idea 
of the care and attention which have to be bestowed on the 
execution of constructions in reinforced concre^t^^, and which must 
be even moj*e''ri^or6usly observed in buildirg houSes destined to 
r<esist earthqual:es., « 

4 t may be mentioned here that durin.g the j1 906 earthquake in 
San Francisco (California), and during the Calabro-Sicilian earth- 
quake in 1908, it was clearly proved that reinforced concrete houses, 
Tihzen well constructed, are very^weil able to resist an earthquake. 



A MONOLITHIC HOlfSB* OF tlEINFO^RCED COTJCRETE. 
There does not seem be any necessity for pointing out how 


^ the various par«f of the house — roof, staircases, etc. — ought to be 
"made. Buildhig structures in reinforced concrete are, ‘as 
already ’'^ery well adapted to resist seismic shocks because they 


^are elastic and njcfiolithic. , 


Tt^ill suffice to counsel avoidance of all building 4:onig:ructio|^s 


^f a &oIdn.nd jufting profile, as well as anything which inight give 
extra ^c’ght, to the upper part of the building. In the ordinary 


way oT building, it is often preferred to erect, instead ^continuous 
walls of reinforced concrete, a framework of that materiiS, and 
to fill up the empty spaces with masonry. Such a systeni>\Df 
mixed»construction Is faf too liable to disint^^ation under y:be 
infTuc.r;t:^,* of the ^eismic forces to be vVorth ^recomr.cii^g in 
the present .(‘a^’ *. 
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CHAPTER XIV. 

STANDARD RULES FOR THE EXECUTION OF 
WO!j^KS IN REINFORCED CONCRETE/ 

f ■ 

Adopted by the Italian Association for the Cnvestigation of Buildings \1IIaterials on 
»Tth May 1906, and by the Public Works Department by Decree 
/ V dated loth January ipcr. 

Plans Specifications— Qualify of the Cement, and relatiye Tests—Qpalit^ of the 

Sand;^ of the Gravel — Aggregate — Mixing and Filling in of the Aggregate— 
Regarding ^ Rciiftforccments- - Tests of the Iron — Centerings — Dismantling — 
Load Tests — Rules fol: Static Calculations— Own Weight' — Accidental Loads— 
External Stresses — Internal Strains— Calculation of the Pillars — Deformations — 
Safety Loads. 


GENERAL RULES, 

I. Eveky work in rf’einforced concrett.^ must be consfructed Vpon 
the basis of^complete specifications signed b) ’an engineer. 

‘ The specifications must show the dimensions and the disposi- 
tion of thie c(&Acrete* and of the iron, ras'* well as the ^static calcuU^i- 
{ions regarding f/iepi. 

2. The ^execuUon of worts in reinforced concrete shall only be 
entrusted to competent builders v^ho ckn prove theijf competency 
by certificates granted to thgm under the regulations of article 2 of 
the General Conditions fof. Public Works. 

3. The specifications must contain precise indication's concern- • 
in^ the qualiti^is and the properties of the rpaterials to be us6d, the 

I F 4 
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’.ingnedignts composing the^ concrete, methods of cc^struction, and 
, of the dismantliilg and testing operations. / 

* ^ The quality of the materials must, if required, be prove^^y 
certificates granted by official testing laboratories. 


^ Quality of the M 


VTERIALS. 


4.^The^cemefft must be exclusively Portland, slow setting, well 
seasorted, defivered in the original casks, and fulfilling tjj(e following 
requirements : — ^ 

(a) Constancy of volume to be proved by hot and cold tests, as 
'*a Vulcan specin?fcns of th(?form of a cake or H iSiJl 
® (o) Minimum absolute density 3’05. • 

[c) Maximum residue on 

• . f 900 meshes. 2 pi§r cenl • 

a. sieve of *! 

• • ^ • V 4900 1, # , 

* The setting of the standard paste of n^at cement at a terA** 
,^eraj.ure of fr'om 15° .0 18'’ must no*f begin before om: hour, nor 

terminate before five ho^ii^s or after twelve hours. 

• (c) The*^tests o^ streiTgth on machine-made sgecirfjens of 

standard monar (1 part cement, 3 sand,^b;^ wei|§fht)-muaft give at 

• • • * • 

least the followi a results : — • • , 


# j After 7 day? olX Aft^r 28 days of 
j s«if 5 oning, the 6 seasonyig, the 27 I 
r ! wffich in L last of which in T 


fresh water.* 


fresh w^ter,* 


Tensile strength ^gs./cm. 
Compfessivt strength ,, • 


45 



BUILDIN(i STRUCfURES EAR'^'hQUAKE ‘COUNTRIES. 

All tests to be executed according toj the rules of the ^Italian 
Association for the Investigation of Building Mat/,rials. 

^For works to be farried out in ^presence of salt water, 'the 
cement must,^ in addition, at the request of the manager cof the 
wdrks, be subjected to supplementary tests, l%^fo’r instance, to 
chi^micalf analysis, to immersion tests and others. ^ ^ 

5. The^ natural or artificial sand must consist of resisting and 
not excessively small grains ; it must crackle in the ba^ad and not 
leave trace^of dirt. It must be free from any saline, earthy, 
vegetable, muddy, or powdery matfer. In cajSe it is ,;iot, it must 
be^washed in fresh water until it fulfils these requirejnents. ^ 

• (). The graver must^ be quite clean and free from afiy ex- 
traneo^jjs substances, as also from saline, earthy, (ind friable itl^tter. 
In case it is no^, it must-be washed in fresh water until it fulfils 
tb^se requirements. * * 

The gravel must be of^such dimensions th%it it easily passe's 
irko the interstices between the casings and the iron reinforce- 
ments, and^also between the latter. At all events, the maximum' 
dimension must be considered to be K cm. • • . 

Whertever, instead of gravel, broken stones are used, they must * 
be .derived frem ^ompf^ct* rock, not from^rnarls or any rock easily 
damaged by frpst. Jlfey'must be free fBom impurities or powdery, 
dast^ matter. Tfhe size of the single* stones mus"^ correspcftid wi^li 

* * I * 

that prescribed fdiu gravel. 

^ 7. Thq standard proportion of ^h6 (iifferenf ingredients* of the^ 

concrete shall be 360 kgs. cement per 0*400 cukic metre of dry and 
Mt compressed sand and A*8oo cubk metr^ gravel. In spe?[:ial 
circumstances a richer mixture may 'be deynanded ; in .any^case, , 
hifjirever, the^g^ncrete must tufii^9ut full and compact. 



WORKS IN ftEINFC/RCED CONCRETE. 

•The water for the mixiure, like that for sand an<f gravel washing, 
must be clear, ^re, and /resh. . / • 

^ *The re^islaqce to crusljing by concrete of Standard nii^j^re« 
after 28 days of r^aturation in a humid atmosphere, tested on cubes 
with sides of t 6 -i^ cm. according to the size of its component 
part/, musit not be less than 1 50 kgs. per sq. cm. • Fo% conci^te 
af (Hher proporfiops than the standard mixture the resistance to 
crusRing, tested as above stated, must not be less than five times • 
jAe safety load adopted iji the calculation, with allowjiJibe of 10 per 
cent, for iht mean breaking lo4iid. 

8. ^For the^ reinforcement of the concr^t^ preference sha^! be 
given to homogeneous iron obtaiited by Jthe oaSc Siemens-Martin 
process." The irt)n must be smooth at the* surface, from 
swellings of blusters as well as from cracks and other interruptions 
01 continuity. 

* , The tensile strength, tested upoi/ Samples having an effectitt 
length of 20^ diameters, prepared (^qld andiiin every respect con- 
Toilning to the standard types adopted by the Italian Association 
‘for ‘the Inyestigation *of Jiuilding Mattirials^ shall be comprised 
within from* ^6 to 4;^ l^s./rnm.“ The coefficient of quality, i.e. the 
prodlict of t.ie tensile sJtrength per mr^.'^^y t^e elongation •( ex- 
pressed in per cent the length) of the sarnj^le, sb^ll not be less 

. - • f - * . ^ 

trian ooo. ‘ • • • . • 

‘Whenev^^r agglofnerate or^ wel^d ifon if used, it must be 
cpmjiflct, malleable hot ancl cobl, solc^^ibl^, empooth on J;lie external 
surface, ancJ free from clicks ; it must not show any burtis, open 

mm * . , • . , * • 

^dering seams, or other jpterruptionc^of continuity. 

The**tensile strength, determined as above indicated, shall be 
at legist 34 kg./mmf with a mii^iimim coe?fficient otfluality of ^&o. 



BUILDINd STRUCTURES EA'R'tHQUAKE COUI/tRIES. 

‘ In addition to' the tests regarding rupture by tension, ‘ the 
following bending tests may. be demanded : — 

Bending Test for Homogeneous, Iron. 

'A piece j)f iron heated to bVight red heat and immersed in 
water at 28° centigrade must be able to be bent hick upon- itself, 
the diameter of the eye so made to be equal to Vht thickness of the 
iron, without any fault being produced.' 

Bending Test for Agglomerate Iron. 

€ ^ 9 f 9^ 

,The iron musifoe capable o£ being bent, cold, with the Jisfmmer 
round cylinder the diameter of which is equrj to six times the 
thickness of the hon, without any fault being produced^ 

All tJie above tes'ts shall be carried out for ^very 100 pieces 
ifpon three samples taken^. if possible, from the ivaste at the'end^sf 
If* one of them does, not stand the prescribed tests, two other 
samples shah be taken for every 100 pieces of the same material r 
if again one of them shouW not stand the required tests, the matar^ial 
shall bcvrEfused. 


RULES 'OF CONSTRV'cTION. ^ 

* 9,'”ln preparing llie mixture'tlie various in^‘>-edients must fc-e 
intimately mixed'^and ‘unifojrflly distributed in the mdss ; the 
nlixtures sljall only- be «madg, in such' q'uan'titieli as are nectssajy 
for imntediate use, ie. before setting begftis. 

^ The materials composi^the concrete may be mixed by hand 
6 r by machinery ; whenever the importance.of the work nhalaes it 
possible, the letter procees is to 'he, preferred. 

‘ ii^ 
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Th^ preparation of ^le mixture shall be* maxJe on a paved 
ground, if possiMe near the place where it is to be used. / ^ 

^ When no mixing apparatus is used, the ceiTfe<it and*the^;;ad ^ 
must first be repeatedly mixed dry, and then this is to be further 
mixed with the -'^rSivel or the broken stones, and then the wAer 
added a lijifle at a time; the mixing must be contii»ued» until* ihe 
n^ixUire assumes the appearance of scarcely humid eartk. 

It). Wh^n the casing for the filling-in of t;he concrete has been 
constructed, the iron reinforcements have to be p]gK6d in the 
positions prescribed foi^ theri^ by being tied with wire ^to the 
crossii^gs and supported by provisional wooden struts. 

Dirty, greasy, or con* iderably rf*usty irons be thoroughly 

cleaned before being put into the work. * , ^ , 

At the points of interruption the rods must be^ bound together 
for a length cqJHl to 30 times their diainetef, and their extremjiics^ 
^*l3cnt •over, or they can be united by formed hoops. Such int«r^^ 
ruptions must be placed each at a^differey. section of the sotid 
"•and occur in the regions of least stress. Weldings ^r solderings 
slp.H only be tolerated dn places where tl|e iron is not strained by 
more than 15 per ce^it. of the stress which the same; cali^with all 
safe^^ bear, provided fhat experimental cart*iecj!out*with three 
samples, ch^isen at discsedon out of ev^ry, hund^gsd or part of 
kandred pieces, ^ve good resuUS. n ^ -J- ♦ 

*1 i.‘*^Prv.vi(jLis to the filling-i|^ of the concreife the^ architect in 
of the woms shall ex^ai-ijine tl^positiorw of^ the rjdds and 


aee 


that it is strictly ift coi/otmity with the data of the specifications. 
**** 12. The concrete shall be filled in, immediately after tht 
mixing process is hiji^heo, fn thin layers well rammed with pestles 
of suitable form until the water ^cohies ou^ at the surface. 

. 1 * 9 * 



BUILDING STRUCfURES ^ EAR:^HQuAkE 'COUNTRIES. 

4 , ' ' ' 

The concr^e must completely surroijnd the rods, and for -that 

purpose^ the latter shall be, immediately befo/e the filling-in, 

. ^ * 
CQj^ered all round with a plastering ^of cement. ^ ^ 

When a new layer of concrete is to be put on, and the preced- 
ing one is still quite fresh, its surface /^hall be Maihed with water ; 
but^ if tl>e pleceding layer has already commenced , to set, its 
surface mwst be scraped off and moistened with a covering pff 
cement, in order to secure the continuity of the structure. K the 
interval beti>^een filling in the two layers is of long standing, the 
washirfg process has also to be carryc^d out , « . 

13. In order to make sure that the concrete is ^Iways y\ con- 
for^njty with the pT^cribed conditions, the architect in chargS ma^^ 
during^he execution of the works, take some q^iantities •^ut of it 
for the purpose of making test samples of them. 

^If the mean crushing load of such samples, After 28 days*of 
praturation in a humid atfnfosphere, proves^ inierior by 16 pef^ 
C€ 5 it. to a stress five {imes sponger than the one wjiich, accord- 
ing to the ‘‘specifications, the concrete must be .able to bear,** 
the architect in charge qf the works shaH take such action ^as 
he may'lt+iinli fit. 

14. It' is i^bsfrluteif prohibited to lay’ the concrete ii the 
temperature is, below, th^ zero pointy except in certain $ipecial cases, 
wiieru'jspecial arra^gacnents, to be approved by', the architect 'm 
charge, will Jjave bg) be made. f 

« 15. Prbper ai rangennent^ shall ^be macte t(^ avoid the f.^con- 
venihnccs caused by" changes of temperature. 

16. Until sufficient maturation, ie, for a jleriod of from STo 
I4 days, the works in reinforced concrete ..shall be periodically 
spi'inkled over^with water, covtreJ with sand or linen, and ^kept 

' * • j * 
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* • • • • «| • 

humid In addition to^that, they must be pYotelted against the 

vicissitudes of fbe weath^er. # ♦ 

^ • 17. The centerings nuj^t be strong ejiougfijto withsta^>the« 
weight of the structure itself as well as the vibrations produced by 
the ramming in*V)l' the concrete. ^ It is also advisable to construct 
them* in s^jch a manner that at the moment of the hr%t diemantlkig, 
whiJe the necessary props remain standing, they can removed 
witlmui daiigcr of damage to the works, the sides of the casings, 
and other less important parts. 

In special cases.it ix\y be Remanded that the wooden ^alls in 
contac^ with th^ concrete shall be perfectly pjaned and, if necessary, 
greased. • • # ^ ^ * 

There must ako be left in the wooclcn centeri>y;S s^e open, 
joints of <?uha:ieiJt length to prevent jhe swclljng^of ^thc wood 
produced by ftumidity disturbing the regular setti^ of«*ti;e 
•conci'ete. ♦ ’ 

* 18. During construciion the 'vojjcs mu#t not be subjected*to 
“ th« direct pti^age of the workmen and materials. 


, *19. No attempt at dismantling shall l|e made before^th^concrete 
has rf\,«lie(>a sufficient degree of maturation, and Ui a^y case 10 
day^must b considerec} to be the lowcst^iit^or Jimple slab? up 
to about r-,,0 m. range.. J^Vgrks of greatet rang# and of large 
*4imc:rs!ons .shall''remayi longeB^in their cettenin^s, the p«Jwd«to 
be stated ni the jpfxflications. I . * ^ • 

'seasons wlffch are exteiJtionalljiunfevoMrable to.ine matufa- 
tion *of the loncrews, th t fteriod prescribed for maturation •shall be 
adequately prolonged. That holds ^ood particularly for works 
whi#h in. the cour.se^ construction have been under the influence 
of frost. Before the dismantling of s.*ch work*, is started^ 1 ;he 
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^vhole period fi!ced Tor maturation has t^ elapse after it bars beei 
ascertained that thawing has been accomplished^ in the ifiterio 
of^e concrete. ^ ^ 

During the removal of the centerings adequate arrang^ent 
have to be made to prevent the structure from* f^ceiving knocks 
shakings, lOr A^ibrations. 


Load Tests. 

20. In %^dition to controlling, in the course of the testinj 
3peratJbns, the perfect execution pf th^ work and^conformit; 
with thc^data of thc^ specifications, the load tests m^ be pro^eede 
with,. For that f?ti?|:)ose jiotice«will have to be given in due tinj 
to the fe*‘ifider and to the contractor, advising thdm to be present. 

The l|)ad tci^t shall ngt take place in less than 66 days from 
thfe/ermination of theVorks. If the building structure, in the load 
t<^t, can be loaded in th^ heaviest mode iiksuVned in the *stayc 
:^culation, it will not%be nec^sary to increase the ie^nsity of the 
load. If, however, the tests are made with partial loads, •the 
intensity of the test loa^l must exceed tlTat of the load in* die 
calculati©R in, such measure as will be decided in ever^ individual 
casg by tlie i-chitect^n* charge of the* works, who will make 
allowance for jlje beoe^t derived fi;on; the solidarity of the parts 
whfelWiave not Iteeif loaded, any ca^e th^t increase^ of tltt 
load shall neg; exc(?hd loo per,cent.f 

Under fhe test ‘load, p(iqjianen4^ fleformaiions sftowing Tae^i- 
selves fhust not exceed 30 per cent ot the fbtal deformations, 
The elastic deformations^ siiall be apjiraise^ according to the 
criteria indicated in No. 23, second paragraph , The totai heights 
oftjJLCUrvation .jfor a stricture wijh flonr^ imhenvlprl. pvpn th^inorli 
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it be imperfectly, at th^ extremities must nev^r exceed one- 
thousandth of Ae span.^ # 

^ •No building^structure reinforced copcretfe*must be in 
^ use, eten temporarily, before the load test has been carried out ; if 
the builder should make any*use pf it, it will be entirely at his oVn 
risk and responsibility. * • ^ 

• RUtES FOR THE STATIC CALCULATIONS. 

« • 

^ 21. Own Weight , — As a rule, the own weight of reinforced 
concrete; including the height* of the rods, shall be appraised at 
,thc rat^ of 25^0 kgs./m.^ except when, fjoip special ^eighmg 
operations, carried out foi: the' building in"^ question, pther 
figures fesult. • " 0^ 

22. Accidental Loads . — The accidental loads. shall be deter- 
mined by the same standards which are adopted for oth^^iodfeL#! 
^(^structions. Atcofint shall be taken fjf possible dynamic act ioffsi 
by increasm^i^^he addidonai overb^ieden 25 per cent, or, In 
exceptional c^s, even more. ^ 

• 23. Extpiial 5 ’/r^.y?^.y.-^The extern^^ stresses shall b^ deter- 
mined accorSing to tW ordinary theories of building scienc?e. 

1^ staticaay undetermined constructibn^ar^in question, it is 
pecessaiy, in^ order to coifl[3iij:e» the unknown <forcev.t^^ ^ssume, in 
^praising the jt^ometiacal entities of the ti'hnj^^rgal sectfo'jTST ^ 
the *solids, ilj^xt the ^perficial Metallic elements are^ affected by 
CQtiiflfients {f>i) ten times greater tlV‘*i tlfose*of»the element^ f»f 


ifeaiiaggiegate ( m 


:oj, and that the latter are reacting eveii, 

r I ^ ^ 

when they are strej^ed. ’If necessary, the normal modulus of 

elastfcity of the Reinforced co/icrete nmy be es^mated to ^•be 


.^23 
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200 tons/cm.® If* the percentage of t^e rods is less than t per 
cent., abstraction may also be made, in^the abor^e calculations, of 
it&<^esehce. ^ ^ ^ ^ ^ 

In case of inflected solids — such as are often met with in 
practice — it is often necessary, whew calculating*^ the sections in 
c(Srresporderfce with the supports, to consider the p^^-fect 'fixing 
down and the continuity of the beams ; while for the central 
section of a beam, in the same cases, one may, wh(?-n estimating 
the bendir^^ioment, start from the hypothesis, the moment at the 
suppoVts to be only two-thirds of, the J^bove-calcula^^d omoment. 
In the absence of an exact computation of the conditioi^ of the 
fixHirg, i,e, imbedfimg, one may, for rjhe central section, reduce by 
20 per^ieent. the moment which would result froiii the hypothesis of 
simple sj^pporl^at the e^^tremities. 

«uj/p,,the case of a sfab reinforced by ribs, it shaK be assumed that 
Ady portion of the slab (V which the size shall not exce'^^d ^h‘(^ 
shiallest of the following dinjensions, takes useful w^fth the nbs 
in the inflection, viz. distance between tlie ribs, cci^tre to ce^t^rer 
twent^jimes the thicknd|jps of the slab^ teit times the width of ^he 
ribs, oncsthird of the span of the ribs. 

^Slabs, rciiforibd the two orthogopaf directions and simply 
supported^or fixed at all edges, ma^ b^ CKimputed like ^ags respect- 
p^dfs^pported 06* fijted all rounh.. 

24. Internal '^'Stressss, — Jhe' ^^rdinary methods of caTcui&tion 
sii^l be Y^lid ^vh^n che^externqtl 'folce' produces complH^give 
stresses in all the elements of the transversal ^.ection' of the solid 
‘(if in that section the sugetficial metallic elements are appra^ised 
according to the directions contained 
Mf, howeve;i(the superficial fnejtallic element being still valued 
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LS abo^c)t stresses of tension should be produced s?s well, abstrac- 
ion shall be ma^,e from tfie tensile resistance of the concjete, and 
heiaxis which separates *the reacting portion fro^ the inert one, 
ind the unitary stresses shall be determine*d by starting fr?jfii the 
following princi^t/?! : — » ^ • 

(<?:)• Conse\ation of the plane sections. • , * . 

(^) ProportKjnality of the stresses to the distances o6 the single 
supeijficial slements*from the neutral axis. 

25. Calculation of the' Pillars.— Tha pTllars shajJ;# when the 
relation .be^^een the ft\e Un^th of flextire and the minimum 
transversal dimension exceeds 15. be calculated like solids loaded 
at thef Bsp, and alio ivanc^ shall be ijiade for ^ ventiial eccen|ri- 

city of the load. (/ “ . ^ 

The transversal bindings of the rods which remforcf^he pillar 
must be carrictft«ut with the greatest c.»re, and be at* Last so^y|r 
to ea,j^i other thafcthiiy exclude the po%sibilit) of the latflral dejlsf-^ 
't^H of'tR^T^sjjl^onsidercd as isolated. ^ " 

,26. Defamations . — As regards'the caljulation of the deforma 
tions, what has been said in No. 23. papgraph 2, conceri^ the 
valuation oI*the geometric^ entities of Yhe ^ansversal ss^Uons o 
solidsi, and ( mcernin^ the value ol th^ mijfdiiius (jf elhsticit^ i 
iE, for the iron, E, for jhe concrete, E^«-n.E,), ipust be born( 

V mind. • 

^T.-^af’ty /<7aaf.*-Vhe safety load for ‘ cclicrete, at simph 

cotWssion,*shaiynofex*e«d/ne-firth of .the .crushing ioad aftp 

28^ys of^gein^ to be stated in the specifications, and. ifpoi 

defllanu, to be proved by a certificatej issued by an official testin] 

• • * 

labosator/. * * • 

No reliance sljffibe put upoh the resistance of the^concKt 

* 12 ? 
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to tension and ^shearing, considering that these stresses ar^exiclu- 
sively b(jrne by the iron reinforcement. 

Homogeneous^ iron shall not be subjected to simple withput 
dan^^*of laterafflexure) tensile or compressive stresses exceeding 
1060 kgsf/cm.^j nor to shearing stress ,exceedin^Sro kgs. /cm. ^ 

*For ^^ggl^merate iron, the safety loads shall v/. four-fifths of 
those permitted for homogeneous iron. 
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